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FOREWORD

It is generally agreed by those responsible for the success of gather-
ings, such as this 9th Symposium and Exposition of The American Sci-
entific Glassblowers Society, that some theme or slogan be adopted which
points to the overall purpose of the meeting, and for this 9th Symposium
it can be best described by one word, ‘“PRACTICAL.”

The Technical Papers Committee should be complimented in sensing
this trend to practicality during past symposiums, and using it to select
papers that contain information more applicable to the present demands
on the research scientific glassblower.

Although this “PracTicAL” theme, epitomized by the actual demon-
strations in the “Art of Scientific Glassblowing,” during the Work Shop
Sessions, its application in the selection of the technical papers, resulted
in a larger general attendance at all the technical meetings and also for
the lively question and answer period following the conclusion of each
paper.

As usual the technical papers were of high quality and on behalf of
the 9th Symposium and Exposition Committee and of the Society, I
want to officially thank the authors for their contribution to the success of
the Symposium and to acknowledge in return their thanks for the special
glass plaque with their name engraved thereon presented to each author
at the conclusion of his paper. There is probably no activity of our Society
that has contributed to the growth and general up-grading of the profes-
sion of Scientific Glassblowing than these yearly symposiums and the
accompanying expositions. In presenting them the Scientific Glassblower
has demonstrated beyond question his ability to plan and to execute a
technical meeting of high professional quality, as well as his inherent
ability to materialize in glass, the complex configurations for research,
usually beyond the comprehension of the layman.

As this will perhaps be the last opportunity the writer will have the
pleasure of contributing the “Foreword” to a set of ‘“Proceedings” and
before officially occupying the honored office of President Emeritus, I
want to express my sincere appreciation and gratitude to those members
who have through the years, shared my thoughts and desire to organize
a technical society, whose aims, objectives and efforts would all be directed
to the continued elevation of the profession of Scientific Glassblowing.

Most gratefully yours,

J. ALLEN ALEXANDER
President and Founder
The American Scientific Glassblowers Society
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THE STRENGTH AND WEAKNESS OF
BRITTLE MATERIALS

Pror. C. J. PHILLIPS

Rutgers University
New Brunswick, New Jersey

An abbreviation of a lecture given by Professor Phillips as national
lecturer for the Society of the Sigma Xi.

Most methods of estimating the ultimate or theoretical cohesive
strength of brittle solids agree that it should be of the order of several
million pounds per square inch or more, and that it should be proportional
to Young’s modulus of elasticity. Unfortunately, strengths usually ob-
served are seldom as much as 1 per cent of theoretical. This tremendous
disparity can be explained, at least qualitatively, by the presence of sur-
face flaws which act as stress concentrators.

There are several ways of increasing the ordinarily observed strength
of brittle materials. These methods include fire polishing, chemical etch-
ing, ion exchange, tempering, and extreme care in handling. Under ex-
ceptional circumstances the effects of flaws can be so minimized that the
observed strengths do then approach the theoretical limits. For example,
glass fibers have been broken at stresses exceeding two million pounds per
square inch.

Since most theoretical treatments of ultimate strength involve
Young’s modulus of elasticity, a study of that property as it relates to
composition and structure should be illuminating. This kind of work has
already led to the development of empirical factors which permit calcula-
tion of Young’s modulus from composition of both simple and complex
silicate glasses. Other data show a direct correlation between Young’s
modulus and modulus of rupture for both glasses and polycrystalline
ceramic bodies.



ULTRAHIGH VACUUM TECHNOLOGY

RicHarp W. ROBERTS

General Electric Research Laboratory
Schenectady, New York

I. INTRODUCTION

A philosophical interest in vacuum can be traced back in time at least
two thousand years. Aristotle explained the necessity of having a hole in
the top of a barrel in order to draw wine out of the bottom by saying
“nature abhors a vacuum.” The experimentalists came on the scene about
1600. Galileo investigated the elevation of water with a suction pump,
and his student, Torricelli, invented the mercury barometer. Since then,
interest in vacuum physics and technology has increased at an almost ex-
ponential rate.

Vacuum is a general term referring to a region filled with gas at a
pressure below atmospheric pressure. Therefore, when describing such a
region it is necessary to characterize the degree of vacuum. Atmospheric
pressure is defined to be the pressure exerted by a column of mercury 760
mm in height at 0°C. under standard acceleration of gravity of 980.665
cm sec2. Vacuum is then expressed in terms of pressure. The units used
are usually mm of Hg or torr. The latter is currently preferred. One mm
of Hg equals one torr to one part in 107.

The general classifications of vacuum are rough, medium, high, and
ultrahigh. The pressure ranges corresponding to each of these are given
in Table I, which also lists for each pressure, gas density, mean free path,

TABLE I

Classifications of Vacuum. The Variation of Gas Density, Mean
Free Path, and Collision Frequency with Pressure

Vacuum <-Rough—>|<-Medium—->| < High—- | <-Ultrahigh—>-
Pressure 760 1 103 10-8 10-13
(torr) (1 atm.)
Density 2.5x1019 3.2x1016 3.2x1013 3.2x108 3.2x103
(mol/cc)
Mean Free Path* | 6.6x10-6 5 x103 5 5 x10° 5 x1010
(cm)
Collisions with 2.9x1023 3.8x1020 3.8x1017 3.8x1012 3.8x107
Surface*
(mol/sec/cm?)

*For air at 25°C.
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and molecule-surface collision frequency. As the vacuum gets higher and
the pressure lower, the density decreases, the mean free path increases,
and the gas-surface collision frequency decreases. It is the implications
of these trends which make ultrahigh vacuum (any pressure less than
10-8 torr) a powerful tool for research and technology.

By using ultrahigh vacuum techniques, it has been possible to pro-
duce gases of very high purity which are required for controlled thermo-
nuclear devices. Thin metal film cryotron devices require preparation in
a vacuum which does not contribute impurities, which could alter super-
conducting properties. Again, this requires a low residual density of con-
taminant molecules in the vacuum. Electronic devices, vacuum switches,
surface physical and surface chemical studies require the generation and
maintenance of atomically clean metal or semiconductor films. This, too,
has been made possible by ultrahigh vacuum techniques(!). The relation-
ship between the pressure of an adsorbable gas and the time required to
contaminate a clean surface is given in Fig. 1. About one second is re-
quired at 10-6 torr.

Ultrahigh vacuum techniques have also been applied to the space
program. This is quite reasonable since the pressure about 300 miles above
the earth is 10-8 torr, Fig. 2. By building large chambers to simulate the
vacuurns of space, it is possible to test components and vehicles on earth.

It is only within the last decade that vacuums of 10-8 torr and lower
have been produced and measured. However, now the principles and tech-
niques are well established and pressures in the ultrahigh vacuum range

Satellite
environment 1621
500 Miles above 1oL
earth's surface
1078
TV Tubes =10
S
S0k
Lamp bulbs 3
a2
10 "+
0 -
2
Atmospheric 10"
pressure
Lifetime of a clean surface
| I |
1 billionth 1 second 1 day
of a second

Figure |
Variation of clean surface time with pressure.
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can easily be produced with readily available commercial equipment. The
balance of this paper will deal in a general fashion with these principles
and techniques.(2)

II. ULTRAHIGH VACUUM

The equilibrium pressure, P,,, in a vacuum system, Fig. 3, is deter-
mined by the rate at which gas enters the chamber and the rate at which it
is removed. That is

b _

eq S

torr,

where Q, is the total gas influx expressed in torr liter sec-!, and S is the
pumping speed expressed in liter secl. Q; is the sum of all sources of gas
entering the system and includes leaks in the system wall, permeation
through the wall, desorption from the wall, back streaming from the
pump, and gas evolved by high vapor pressure materials in the system.
These sources are shown schematically in Fig. 3.

Thermocouple gauge

r_Boyard—
Alpert

To
pumps

Reaction bulb

® Metal valve

& Metal variable leak
B Liguid N2 trap

4+ Glass Break-seal

Ethane
reservoir

Figure 4
Schematic diagram of ultrahigh vacuum system used for studying the reaction of a gas
with a clean metal film.

There are two obvious methods for reducing the pressure in the sys-
tem. One is to minimize the gas influx, Q,, and the other to maximize the
pumping speed, S. The choice of either of these methods or a combina-
tion of the two is dictated by the experiment to be performed in the
vacuum system. Consider two examples: a study of the reaction of a gas
with a metal film, and the ground testing of a space vehicle. The vacuum
system used for the gas-film study is shown in Fig. 4 and Fig. 5. It is con-
structed from glass and metal and can be heated to 300 or 450°C for out-
gassing of the parts. This results in a low total gas influx. Because of the
low Qg of this system, a five liter sec! mercury diffusion pump trapped
with liquid nitrogen can pump this 2-liter volume down to 10-10 torr.

Testing of a space vehicle in a space simulator, Fig. 6, is quite a dif-
ferent story. Here Qg is very large and bakeout is impossible. Therefore,
pumps with enormous speeds must be used. Cryogenic pumps with speeds
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Schematic diagram of the General Electric M.S.D. space simulator.
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Helium accumulation from the atmosphere in bulbs of different glasses. Bulb has a
volume of 330 cm?®, 100 cm? area, | mm wall thickness, and is at 25°C.
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Probably the most common material of construction used in small
laboratory ultrahigh vacuum systems is glass. However, at low pressures,
the diffusion of atmospheric gases through the glass envelope may con-
stitute a limit to the pressure which can be achieved. Norton(3) has cal-
culated the rate of helium accumulation in glass bulbs of different com-
positions, Fig. 7. These data indicate that the type of glass is a very im-
portant factor in determining the degrve of vacuum which can be main-
tained in a system, and therefore, merits careful consideration.

Austenitic stainless steels are widely used in the construction of sys-
tems. Components are usually fabricated by welding or brazing. Fernico,
Kovar, copper, nickel, tungsten, molybdenum are also used. Table II lists
some general features of gas permeation through materials. (3)

TABLE 11

General Features of Gas Permeation

Glasses Metals Semiconductors  Polymers
He, H,, D,, Ne, No rare gas He and H, All gases per-
Ar, O, measur- through any through Ge and meate all poly-
able through metal Si mers
Sio,
H, permeates Ne, Ar not Water rate apt
most, especially measurable to be high
Pd
Vitreous silica
fastest O, permeates Ag Many specifi-
cities

H, through Fe
by corrosion,
electrolysis, etc.

All rates vary as Rates vary as H, rate varies as  All rates vary as

pressure directly +/pressure \/pressure pressure directly

In all, rate is an exponential function of temperature for true permeation.

A more detailed consideration of materials of construction for ultra-
high vacuum applications is given elsewhere. (2b)
B. Pumps

A pump is any device which removes molecules from the gas phase.
This may be accomplished by transfer of momentum, condensation or
adsorption, chemical reaction, or by ionization and acceleration into a
surface. Many pumps involve combinations of these methods. These basic
pump mechanisms are illustrated schematically in Fig. 8.

In diffusion pumps, Fig. 8a, momentum is transferred to the gas being
pumped by a directed high speed vapor of mercury or oil. The working
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as well as charcoal. Such pumps are often used in place of mechanical
pumps in the initial pump-down of ultrahigh vacuum systems.

At 20°K (the boiling point of hydrogen at 760 torr) all gases except
helium, hydrogen, and neon have a negligible vapor pressure, Fig. 9. At
4.2°K (the boiling point of liquid helium at 760 torr) all gases but helium
have a very low vapor pressure. Therefore, cold surfaces at these low tem-
peratures will act as pumps for most of the common gases.

The rate of removal of a gas depends on the condensation coefficient
for the gas at the temperature of the surface and the cold surface area
available. The condensation coefficient is the fraction of molecules that
stick to the surface divided by the number that strike the surface. A simple
calculation indicates that a liquid nitrogen cooled surface has a pumping
speed of about 15 liters sec'! cm2 for water vapor. Because it is possible
to achieve such enormous pumping speeds, cryogenic pumps are being
used in large space simulators.

It is often convenient to remove chemically-active gases from a vacu-
um system by reacting them with an active metal to form a compound with
a very low vapor pressure, or a strongly held chemisorbed layer of gas,
Fig. 8c. Pumps of this type have been used for many years in the produc-
tion of vacua in radio tubes and other electronic devices and are usually
referred to as getters. Similarly the process of chemisorption or reaction of
the metal with the gas is called gettering.

4° 20° 78°

RN |
; / I/V/ l

Vapour pressure (torr)
[l ol
&
—
A"
=
[4)
=
S
—

1 2 5 10 20 50 100 200
Temperature (°K)

Figure 9

Vapor pressures of a number of common gases below room temperature.
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In these pumps, active metal films are usually generated by the evap-
oration of a wire or pellet by resistance heating, or by radio frequency
induction heating. Of course, the bulk getter must be carefully outgassed
before evaporation or it will contribute gas to the vacuum system.

TaBLE III

Classification of Metals and Semi-Metals Based on
Adsorption Properties

(A indicates Adsorption, NA No Adsorption)

Gases
Metals

0, C,H, C,H, CO H, Co, N,
Ca, Sr, Ba, Ti,
Zr, Hf, V, Nb,
Ta, Cr, Mo, W, A& A A A A A A
Fe, (Re)
Ni, (Co) A A A A A A NA
Rh, Pd, Pt, (Ir) A A A A A NA NA
Al, Mn, Cu, Auft A A A A NA NA NA
K A A NA NA NA NA NA
Mg, Ag, Zn, Cd,
In, Si, Ge, Sn, A NA NA NA NA NA NA
Pb, As, Sb, Bi
Se, Te NA NA NA NA NA NA NA

t Au does not adsorb O,
() Metal probably belongs to this group, but the behavior of films is not known for all gases.

Often, a metal will adsorb only a limited variety of gases. Thus, by
judicious choice of a getter material, trace impurities may be removed
from a gas. Table III lists a number of metals and semimetals and the
gases that they will chemisorb at room temperature. *)

Clean metals can also alter the composition of gas in a system. For
example, ethane, propane, and butane will decompose on clean films of
rhodium and iridium to methane.(®) It has been reported that when impure
titanium getters were heated and evaporated in vacuum, methane was
formed from hydrogen and carbon impurities. (6)

Titanium, molybdenum, and barium have been used extensively as
getter materials. The speed of getter pumps depends primarily on the
effective surface area of the getter and the sticking coefficient of the gas.

Electronic pumps, Fig. 8d, remove gas from a system by ionizing gas
molecules by electron impact and by accelerating the positive ions through
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several thousand volts potential difference into a metal or glass surface.
The adsorption and re-emission of ions from metal and glass surfaces has
been investigated by many workers. (2b)

Electronic-chemisorption pumps are very effective devices for evacu-
ating a system. They can pump chemically active and inactive gases, do not
act as a source of contaminating gases, and do not require liquid nitrogen
traps. These pumps contain a means for producing clean metal surfaces,
a source of electrons, and an accelerating field. The potential of the metal
surface is negative. Titanium and molybdenum are normally used for the
getter material. Several means have been used for producing clean metal
films. These include evaporation from a wire source, evaporation by elec-
tron bombardment, or sputtering.

Perhaps the most popular type of electronic-chemisorption pump is
the sputter-ion pump, Fig. 8e. This pump is based on the cold-cathode
or Penning discharge gauge. In its typical form, it consists of two parallel-
plate titanium cathodes separated by an “egg-crate” shaped anode and
located in a magnetic field. Several thousand volts are applied between
the anode and the cathodes. Because of the magnetic field, electrons
produced travel long spiral paths and have an increased chance of ionizing
the residual gas. Positive ions produced are accelerated into the cathodes
and sputter titanium onto the anode. The pumping action is a combination
of gettering, acceleration of ions into surfaces, and burial of atoms. Vari-
ous refinements of this pump have been developed. These include the
slotted cathode pump and the third-electrode pump. These pumps are
available commercially and have speeds which range from 1 liter sec!
to several thousand liters sec-1.

C. Gauges

In most systems the degree of vacuum is expressed in terms of the
total gas pressure in the system. What we are really interested in, for the
most part, is the particle density in the system. By knowing the tempera-
ture and the pressure, the density may be easily calculated. The compo-
sition of the gas in the system is normally expressed in terms of the par-
tial pressure of each component. There are a variety of gauges that will
measure the total pressure, the partial pressure, or the density of gas in
a vacuum system.

The McLeod gauge is the standard device used to calibrate most
vacuum gauges. In this gauge, the gas at an unknown pressure is trapped
in a standard volume and is compressed to a known final pressure by a
mercury piston into a capillary tube of known dimensions. The final vol-
ume is measured and the initial pressure is calculated from Boyle’s Law.
McLeod gauges may be used to measure pressures down to about 10-6
torr. This pressure, however, is far from the ultrahigh vacuum region.

Since it is difficult to measure low pressures directly, an indirect ap-
proach is taken. The residual gas is bombarded with electrons. Positive ions
produced are collected and the current, i,, measured. The positive ion cur-
rent can often be related to the gas density, p, by the following expression

where i_ is the electron current, Q the distance the electron travels through
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Bayard and Alpert changed the geometry of the ionization gauge to
reduce this effect. They inverted the standard gauge structure. The col-
lector takes the form of a 0.005-inch-diameter wire surrounded by a cylin-
drical grid. Tungsten filaments are located outside the grid. The plate
intercepts only a small fraction of the soft x-rays and the lower pressure
limit is reduced to about 10-10 to 10-!! torr. This structure is called the
Bayard-Alpert gauge or the inverted ionization gauge.

A typical nitrogen calibration curve for a Bayard-Alpert gauge made
by the calibrated conductance method is given in Fig. 11.(7)

107

N2 Calibration

|0-5 -

10°6

6l
4

Ion current, amperes

1070
Io—ll

1013}~

Io—l3 | i | | | | | | |
02 1" 1010 0% 108 107 0€ 0% 10t 103 0% 10!
Pressure, torr
Figure |1

N, calibration curve for a Bayard-Alpert ionization gauge. Electron emission current is 0.5 ma.

The sensitivity of ionization gauges can be increased by increasing
the effective path length of the ionizing electrons. This is often done with
magnetic fields. The Lafferty(® gauge and the Houston(9) gauge employ
this method.

A class of vacuum gauges eliminates the hot filament as an electron
source and uses cold emission. The Penning gauge, Fig. 10b, consists of
two flat parallel cathodes separated by a cylindrical or ring-shaped anode
located in an axial magnetic field. A potential of several thousand volts
is applied between the electrodes. Because of the magnetic and electric
field, electrons produced by cold emission oscillate in spiral paths between
the cathodes. Positive ion current to the cathode is measured and is pro-
portional to the pressure. Gauges of this type measure pressures from the
ultrahigh vacuum range (~10-10 torr) to about 10~ torr.(19) These gauges
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have a fairly high pumping speed. This property was put to use in the
sputter-ion pump described earlier.

Partial pressure gauges are usually called mass spectrometers. They
convert a portion of the gas into ions and measure the relative number of
ions of each mass (or mass/charge, m/e) present. Mass spectrometers
usually contain (1) an inlet system for the gas to be measured, (2) an
ionization region in which the gas is converted to ions, (3) an analyzing
region that separates the ions according to m/e, and (4) a detector that
measures the number of ions for each m/e.

Ionization is usually accomplished by bombardment with electrons
from a hot filament, although, cold cathode, spark sources, field ionization,
and other sources have been used. Detectors are either Faraday cage col-
lectors or ion multipliers. The latter detector is generally used at very low
pressures, L.e., low ion concentrations. The types of m/e analyzers vary
greatly. We shall discuss only the magnetic deflection mass spectrometer.

ELECTRON BEAM

R
V - ACCELERATING
— VOLTAGE

(X) PERPENDICULAR
MAGNETIC FIELD - H

%
‘
z

DETECTOR

Figure 12

Schematic diagram of a magnetic mass spectrometer.

The magnetic deflection mass spectrometer is perhaps the most widely
used device for partial pressure measurement in vacuum systems. A sche-
matic diagram of a typical spectrometer is given in Fig. 12. Ions produced
by electron bombardment are accelerated through a potential difference
and analyzed with a magnetic field. When the ions enter the magnetic
field, they experience an acceleration and have circular trajectories with
a radius r. This radius of curvature is a function of the mass of the ion, m;
its charge, e; its energy, Ve; and the magnetic field strength, H. Here V
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vacuum seal. A variety of flange designs have evolved. These include the
knife edge seal, Fig. 14b; the step seal, Fig. 14c; the coined gasket seal,
Fig. 14 d; “Con Flat” seal, Fig. 14e; and the GE seal, Fig. 14f. All of
these seals will withstand high-temperature bakeout.

5
A .

(a) BELLOWS

LIQUID METAL

j P
.
;c

(b) MAGNETIC COUPLING (c) DIRECT

Figure 15

Ultrahigh vacuum motion seals:

a. Bellows seals

b. Magnetic coupling ¢c. Low vapor pressure material seal

Several typical seals used for introducing rotary or translational
motion into a vacuum are shown in Fig. 15. Metal bellows, Fig. 15a, have
been used to introduce translational as well as low speed rotational motion
into vacuum systems. Levers and gears may be used to amplify the motion.
By using low vapor pressure materials, these seals can be used in bakeable
ultrahigh vacuum systems. The transmission of motion by using the coup-
ling of magnetic fields is another widely used technique, Fig. 15b. The
vacuum wall must be made of a nonmagnetic material. Permanent mag-
nets, or electromagnetic induction drives may be used.

Motion may also be introduced in ultrahigh vacuum systems by using
a low vapor pressure liquid to form a seal around a shaft going through
the vacuum wall, Fig. 15¢. An eutectic mixture of gallium, indium, and
tin has also been used with good results.(13) This material melts at 10.7°C
and has a vapor pressure of less than 10-8 torr at 500°C.
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E. Valves

Valves are an integral part of ultrahigh vacuum systems because they
are used to vary conductances in the system and to isolate various parts
of it.

(b) LIQUID

(a) METAL VALVE METAL VALVE (c) GLASS VALVE

PORCELAIN -

MERCURY
(e

PORCELAIN )

(d) GLASS VALVE LEAK DIFFUSION LEAK

—

Figure 16
Ultrahigh vacuum valves:
a. Metal valve c. Glass valve e. Porous rod
b. Indium seal d. Glass valve f. Diffusion leak

Valves with the smallest closed conductance are made from metal.
The sealing is accomplished by compression of a metal, shearing of a
metal, or by actual melting of a metal. Motion is achieved with a flexible
bellows or diaphragm, which is welded or brazed to the valve body or by
magnetic coupling. A typical design for a small metal valve which em-
ploys a compression seal is shown in Fig. 16a. Many of the larger metal
valves (6-inch diameter up to 14-inch diameter) actually shear the valve
seat material (usually copper). In this manner a fresh seat is generated
at each closure.

Indium and other low melting, low vapor pressure metals have been
used as valve seat materials. They have also been used as a working fluid
in cut-offs. A valve using an indium seal is shown in Fig. 16b.

Glass valves generally take the form of carefully lapped planar, Fig.
16¢, or spherical, Fig. 16d, surfaces. Magnetic coupling to an iron slug
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incorporated in the valve is the usual method of operation. A thin glass
membrane or tube and a metal-enclosed-in-glass hammer are commonly
used separators. Once opened, this “valve” remains open.

A third class of valves depends on the rate of diffusion of a gas
through a material. These are called diffusion leaks. Porous ceramic rods
have been used as leaks. As is shown in Fig. 16e, the rod is partially sur-
rounded with mercury and the leak rate controlled by varying the height
of the mercury.

It is well known that some gases will diffuse through metals and
glasses, and that the rate of diffusion is a sensitive function of tempera-
ture. A number of valves or leaks operate on this principle. They take the
form of a thimble or closed tube connected to the vacuum system. The
tube is surrounded by a heater wire so that its temperature can be con-
trolled, Fig. 16f. Palladium and nickel tubes have been used for hydrogen
and deuterium leaks, silver for oxygen and 969 silica glass for helium.

IV. SUMMARY

The experiment to be performed in the vacuum system dictates to a
large extent the overall system design. Specific pumps, gauges, and ac-
cessories can then be selected to meet the requirements. A general rule of
thumb for producing the lowest pressure is to keep sources of gas influx
low and pumping speeds high.
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SOME RECENT CONTRIBUTIONS TO
FUSED QUARTZ TECHNOLOGY

VinceNT C. DEMARIA

Thermal American Fused Quartz Co.
Montville, N. J.

New fused quartz products frequently require new fabricating tech-
niques, before these items can be successfully marketed. Since the volume
of fused quartz laboratory ware is far below that of borosilicate glasses,
manufacturing new items does not require full automation methods. The
real problem is in keeping pace with the growing demands for small
quantities of diversified items, often commonly available in borosilicate
glasses. In some cases, methods used for forming lower softening glasses
apply to fused quartz, but in many instances new approaches are required
to solve the problem.

Another area which invites new techniques is in the improvement of
quality or manufacturing cost of established lines. An example is adhesion
or molecular sealing of optically polished plates such as are used in spec-
trophotometer cells and Brewster angle windows on gas laser tubes. In
this form of sealing, both surfaces to be joined are polished to near perfect
optical flats. The parts are then wrung together and further held by ex-
ternal pressure or internal vacuum. Subsequent heating at temperatures
below the strain point produces a strong vacuum tight seal. The finished
seal has less distortion than those produced by open flame techniques.

To further indicate the present state of the art, a number of products,
resulting from recent developments, have been selected for presentation
because of their interest to scientific glassblowers. One such item is heavy
wall fused quartz tubing which can now be produced in sizes not com-
mercially available and of greater importance in small quantities and with
tolerances unsuitable to standard tube drawing methods.

A number of heavy wall tubes are shown in Fig. 1 that were made by
a recently developed process. Sizes of 10 mm I.D. by 20 mm O.D. are
typical, but bore sizes down to 2 mm and O.D.’s up to 40 mm are prac-
tical. Inside diameters of +0.002” are standard over 24” lengths and when
necessary outside diameters can be ground and polished to within a few
ten thousands of an inch. Tubes with 6 to 8 mm wall may be fabricated
into rugged apparatus, however, the intense heat required to penetrate
usually limits the applications to high pressure tubes and for flat flanges
that are sliced off and fused to tube ends to eliminate drilling of plate.
The short tapered piece in the center was drawn down in an oxygen-
propane gas crossfire flame at the lathe.

The precision bore capillary tube (Fig. 2) has an I.D. of 0.003”
and an O.D. of 8 mm. It was produced by what we believe to be the first
commercially feasible method of making fused quartz thermometer tubing.
To simplify the thermometer makers job, blanks are supplied with suffi-
cient bulb length to accommodate various temperature ranges.

You may ask why fused quartz thermometers? Because of the in-
herently low hysteresis of the material, which stabilizes the initial pre-
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Figure 7

The production of fused quartz conical pipe flanges have recently uncovered new pressing
techniques which simplify heavy wall fused quartz fabrication.

Fused quartz conical pipe flanges (Fig. 7) match the dimensions
of standard borosilicate glass pipe. The smaller flanges in this photo-
graph are of particular interest because their manufacture represents a
giant step in the forming of fused quartz. They are produced by a blow
and press process which maintains close tolerances at lower cost than tool-
ing or grinding. Fused quartz pipe flanges and “O” ring flanges are finding
wider application for demountable joining to borosilicate glass or metal
systems because they can be used without grease.

Two new fabricating processes are shown (Fig. 8) in the form of
crucibles. The crucible on the left appears to be a standard crucible but
has a thin veneer of ultra high purity Spectrosil on the inside and a
heavier external layer of commercial grade fused quartz. By this economi-
cal method flasks, beakers, boats, etc. can be produced with internal sur-
faces having total metallic impurities of less than 0.2 parts per million and
a boron content of less than one hundredth of a part per million.

The crucible on the right illustrates how thin wall fused quartz, hav-
ing little mass to retain heat, can be mold blown. By using this new
blowing method, four inch diameter cells with .010” wall have been formed
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Figure 8
The crucible on the left has a thin veneer of ultra high purity Spectrosil on the inside and a
heavier external layer of commercial grade fused quartz. The crucible on the right illustrates
how thin wall fused quartz, having little mass to retain heat, can be mold blown by a new
blowing method.

in spite of the narrow working range of fused quartz which normally
causes it to become rigid on removal from the flame.

The economic advantage of thin wall ware makes possible disposable
containers that have become devitrified after a single high temperature
use.

Improved manufacturing techniques have resulted in eliminating
many of the old difficulties experienced in supplying fused quartz. These
improvements have made available a wider range of shapes and sizes of
commercial ware. It is hoped that continued efforts in this direction will
further simplify the scientific glassblowers task of constructing apparatus
from the ideal glass—fused quartz.
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QUARTZ - SILICA - LUCALOX

ROBERT J. SOMMER

General Electric Co.
Cleveland, Ohio

In the time since last year’s meeting some interesting developments
have taken place and I am most happy to again have the opportunity of
discussing Fused Quartz and Lucalox® ceramic with you. Bill Gilhooley,
will follow in a very short time with an interesting description of work
he has done in making glass to ceramic seals—including Lucalox-to-glass
seals. This will be an introduction to his demonstration of this technique
tomorrow afternoon.

Last year I mentioned that we had under development a new fused
silica with superior characteristics in terms of:

(1) U V Transmission
(2) Homogeneity—Schlieran
(3) Absence of inclusions and bubbles

This material is now being marketed and is designated as Type 151
Fused Silica. This first slide (1) will give you an appreciation of the im-
provement in ultra violet transmission that has been attained. You will
note that whereas our other quartz materials do not have high transmission
much lower than .20 microns, Type 151 exceeds 809, transmission for
1 cm thickness at .18 microns. Type 151 does show the characteristic
water absorption band in the infra-red. In addition to its excellent UV
transmission, Type 151 has superior quality for homogeneity—or uniform-
ity of index of refraction. Note 105-106 curve for full range of quartz
transmission. For example, this slide (2) shows a shadowgraph compari-
son of Type 151 and one of our lower grade materials. Note the uniformity
and absence of shadows. This is important for transmission applications
of the most critical kind—and Type 151 is free of bubbles and inclusions.
Here in this slide (3) (Figure 1)you will see a few samples of this grade.

As a result of the extremely high purity of Type 151, it is resistant to
darkening due to exposure to radiation. As this table (4) shows, the trans-
mission has been essentially unaffected even after treatment of 106 roent-
gens of gamma radiation. Similar results are obtained in the case of high
speed electron radiation.

Another manifestation of the purity of this silica is the absence of
fluorescence under ultra violet excitation. While many quartz or silicas
exhibit either a yellow-green or purple fluorescence this is not evident in
Type 151. This is an important consideration in certain U V transmission
applications.

Type 151 has proven to have substantial advantages for a variety of
applications, and I’ll mention just a couple:

Lasers—as mentioned because of its homogeneity—Type 151 is an
excellent material for Brewsters Angle windows. Using standard JAN G
174 testing, Type 151 pieces were rated grade “A” when viewed in all
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and this light source promises to just about double the efficiency presently
realized from the conventional mercury lamp. This means twice the light
for the same wattage input—a real breakthrough.

Recently RCA has utilized Lucalox in an unusual application. One
problem with scintillation counters is the background radiation which
emanates from the components of the instrument—and particularly the
window through which the energy passes and which seals off the sensing
element. Because of the extreme purity of Lucalox and the low radiation
background of the material, its use has simplified nuclear detection sys-
tems. In addition RCA found that Lucalox was readily adaptable to elec-
tron tube envelope construction in the ceramic-to-metal seals are an estab-
lished manufacturing procedure. The scintillation counters using Lucalox
windows were introduced in February. We are of course pleased with
the performance of Lucalox in this interesting application.

Another area of active interest involves the use of Lucalox for gas
bearing gyros. Because of its density and the absence of pores, Lucalox
can be finished to much finer surfaces than conventional aluminas. This
slide (6) shows a profilometer tracing of a very finely polished Lucalox
surface. You will note that occasionally a dip will occur in the surface.
This is a result of grain pull-outs which are generally traceable to limi-
tations of polishing technique. Even so, these defects are widely dispersed
and the overall finish greatly exceeds that which has been previously at-
tainable on polycrystalline alumina ceramics. This has resulted in signifi-
cant improvements in highly critical guidance devices.

As glass blowers, you will be interested in methods of joining Luca-
lox to other materials and I'm sure you will be particularly interested in
the talk on Lucalox to glass seals.

I mentioned that RCA has found that conventional electron tube seal-
ing techniques worked well with Lucalox. We do not make Lucalox to
metal seals, however, over the past year a number of companies in this
business have successfully made Lucalox to metal seals and we are now in
a position to supply this type of product utilizing the capabilities of these
manufacturers.

This slide (7) shows some examples of hermetic seals which have
been fabricated by these suppliers. Included in this overall capability are
seals to moly, copper, kovar, etc. Generally the base is a moly manganese
coating on the Lucalox followed by a nickel plate. At this point the nickel
can be brazed to a wide variety of materials. The higher temperature ma-
terials are used for sealing Lucalox lead-in insulators into thermionic
converter devices which may operate up to 1000°C and in highly corrosive
cesium vapor atmospheres. In this case it is highly important that no
glass phase exist either in the seal material or the ceramic—this is one
of the reasons Lucalox has proven to be useful—it has no glass phase. Of
course for lower temperature and less corrosive application more simplified
seals can be utilized.

An example of this would be the sealing of Lucalox to stainless steel,
Type 430, for a microwave window application. Dielectric loss factor is
a measure of the transparency of the material to microwave energy. Luca-
lox will transmit about twice the amount of microwave energy when com-
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pared to other types of polycrystalline aluminas. These transmission win-
dows are necessarily hermetically sealed to the power tube structure. Con-
ventional techniques which have been used with aluminas seem to work
as well with Lucalox.

The finishing of Lucalox after firing is much the same as quartz and
glass in terms of the materials used. Lucalox of course, is much harder
than the glass materials—it is 9+ on the mohs scale as compared to 4.9
for quartz. Its extreme hardness (which is characteristic of aluminas
generally), coupled with the good finish, led us to believe that Lucalox
might find wide use in wear applications. For instance—dies. Our exper-
ience has shown that while Lucalox might have promise for some specialty
die applications, it appears it is not suitable for hi-carbon steel and copper
wire drawing—evidently grain pull-out contributes to excessive wear. On
the other hand, tests on varieties of Lucalox for use as cuttings tools has
shown some promise and Lucalox spheres are being used in ball valves
where wear cannot be tolerated. So it appears that Lucalox will have
some specialized wear application.

Cutting of the fired material is done with a diamond wheel—much
the same as quartz. Finished Lucalox can be diamond ground (slide 8)
and this slide shows some pieces that have been threaded and some of
the spheres I mentioned. Generally Lucalox is polished starting with a 240
grit diamond wheel, then 9 micron diamond paste on a brass lap followed
by 6, 3, and 1 micron pastes on the same lap. In handling Lucalox, of
course, as with any brittle material, scratching and chipping should be
avoided since this results in the creation of stress raisers. Also, as in good
design practice sharp corners should be avoided.

Again, I appreciate discussing quartz and Lucalox with you. We
always look forward to this meeting and the opportunity of participating
in your program. Now I’ll let Bill take over. Thank you very much.
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SEALING GLASS TO CERAMIC FURNACE TUBES
WirLriaM A. GILHOOLEY

General Electric Research Laboratory
Schenectady, New York

Due to the emphasis being placed on high temperature experimenta-
tion, ceramic furnace tubes are being used more extensively for many
applications in the Laboratory. Ceramic furnace tubes are impervious to
air to approximately 1900°C. and to dry hydrogen and carbon monoxide
to approximately 1300°C. This of course is much higher than 969 silica
glass or quartz can be used under these same conditions.

For many applications it is desirable to connect these ceramic tubes
to a vacuum system so that all the air can be pumped out and some other
gas such as hydrogen, nitrogen, etc., can be introduced with the experi-
ment. Therefore a vacuum tight glass to ceramic seal must be made.

There are various types of ceramic tubing available. The physical
properties of the ceramic and the temperature at which the furnace is to
be operated will be the governing factor in determining the type of cer-
amic you will choose.

After selecting the type of ceramic we must now select the glass to
be used. The glass we use must have a coefficient of expansion closely
matching the ceramic. Some of the various ceramics and their matching
glasses are as follows:

English Mullite

McDaniel MV 30 = Corning 7720 glass
McDaniel MV 33
Porcelain = Corning 7740 glass

High Grade Alumina = Corning 7520 glass

Corning 7530 glass
Coefficient of expansion of high grade alumina sometimes varies
enough so that if 7520 glass does not work we use 7530 glass.

Before starting the actual sealing, something should be said about
preparing the materials for sealing. The glass should be cut square and
fire polished or flame cut. The wall thickness of the glass at the point
where it is to be sealed to the ceramic should be about the same thickness
as the ceramic. The ceramic should be cut square on a diamond wheel.
Then the outside of the sealing edge should be slightly rounded so as to
eliminate any chips that may have occurred on the cut off saw. This can
be accomplished by rotating the circumference of the tubes on a belt
sander or the side of the cut off saw blade. Then the ceramic should be
cleaned in distilled water and dried. At this point the ceramic should be
inspected so as to be sure that there are no chips or cracks at the sealing
edge. Inspection under a microscope is desirable.

The glass and ceramic are now placed in a glass blowing lathe with
provisions being made so that you can blow into the work. The ceramic
is slowly heated with a bunsen burner. The bunsen is placed so that it
heats the ceramic about 5” back from the sealing edge. Increase the heat
of the bunsen burner slowly until the ceramic begins to show an orange
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color at the sealing edge, then turn on the lathe fires, again slowly bring-
ing the ceramic up in temperature. Bring the glass up to about 14” from the
ceramic. When the glass is molten at the sealing edge butt the ceramic
and glass together keeping the fires on the ceramic. Heat the ceramic to
approximately 100° hotter than the working point of the glass; in this
way the ceramic will radiate enough heat to make a good seal. (Care
should be taken so that you do not heat the ceramic more than 100°C.
hotter than the working temperature of the glass because if the ceramic
is overheated it will tend to boil and crystallize.) While the seal is being
made the bunsen remains under the ceramic adjacent to the sealing edge.

After the seal is made, flame anneal the glass and bring the ceramic
and glass to an ambient temperature slowly. Remember the glass will
cool much faster than the ceramic. Smoke the seal down, that is; build
up a layer of lamp black on the glass and ceramic and allow this lamp
black to remain until the seal is at room temperature. This method is
used to seal glass to English mullite, McDaniel MV 30 & MV 33 and
porcelain.

In the second category we have a group of ceramic materials which,
because they will not stand up under localized heating, must be handled
differently. In this group we have the following ceramics with their
matching glasses listed:

G. E. Lucalox — 0080 glass
Recrystallized alumina — 7280 glass
Normalized Zirconia — 0080 glass

To make these ceramic seals we prepare the ceramic and glass the
same as we would for any type of ceramic seal.

After we have the ceramic and glass set up in the glass blowing
lathe ready for sealing, we now take a piece of 967 silica glass tubing
about 1”7 to 11%4” larger in diameter than the ceramic and glass. This
tube is set up in a ring stand and placed so that it acts as a furnace around
the glass and ceramic. The glass to be sealed is moved out of this tube
so that it does not get hot and deform before we are ready to make the
seal. Now we heat the 967, silica glass at the point where the ceramic and
glass seal is to be made with either a torch or lathe fires. Be careful in
heating because while the ceramic and glass are turning, the outer 967,
silica glass is not turning and by spot heating such as we are doing, we
can burn a hole in it. If this happens and the flame touches the ceramic
it will crack the ceramic. We heat the outer tube hot enough so that it
radiates enough heat to bring the ceramic above the working temperature
of the glass being sealed. When the ceramic is sufficiently hot enough to
make the seal we move the glass up next to the ceramic. When the glass
gets almost molten (before it deforms) we butt the ceramic and glass
together. Keep the heat on long enough to work the glass sufficiently to
make a good seal. The heat of the torch or lathe fires can now be reduced.
Allow the lathe to rotate and continue to heat the 969, silica glass tube
which will anneal the ceramic to glass seal. Then reduce the heat and
bring the seal to room temperature.

These seals have all been made repeatedly at the G. E. Research Lab-
oratory with a great amount of success.
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LOW TEMPERATURE GLASS SEALS

Mogrris LIEBSON

IBM Watson Research Center
Yorktown Heights, New York

The title of this paper is a misnomer, for there are very few methods
whereby glass can be hermetically sealed to itself without raising its
temperature to a considerable degree. However, various expedients can be
devised to seal delicate apparatus into glass envelopes with little, or no,
rise in temperature of the apparatus so sealed. Some of the methods for
accomplishing this, and used with varying degrees of success are:

. Flanged joints
. Ground joints
. Use of waxes, greases, or cements
. Poly optic technique
(a) indirect heating
(b) direct heating
(¢) arc-sealing
6. Solder glass techniques
7. Use of epoxy cements
8. Thermo-compression bonding.

BN =

Flanged joints, ground joints, and the use of waxes and the like, or
any combination of these with one possible exception, have one serious
drawback. They cannot be baked at high temperatures. The exception
occurs when a metal gasket is used in combination with the flanged joint,
a rather expensive method of sealing glass.

The idea of baking out devices sealed in glass may seem to be at
variance with the purpose of this paper. This is not so, for the bake out
temperature of a glass such as the borosilicates commonly used for lab-
oratory purposes, is usually 450°C., whereas its working point is usually
well above 1,200°C. In addition, bake out is almost invariably done with
the internal structure in vacuum where oxidation cannot take place; in
fact, many materials are subjected to vacuum bake out in order to reduce
oxides and effect “clean up”. In addition, the use of waxes, greases, or
cements is usually poor practice in high vacuum work, for these materials
all have comparatively high vapor pressures, and therefore, may degrade
any vacuum in which they are present. These three glass joining methods,
however, do have the advantages of being readily demountable, require
very little skill for assembly and disassembly, and can provide a seal
sufficiently tight for most laboratory purposes. It is interesting to note that
the use of flanged joints in glass assembly is becoming increasingly pop-
ular, at present, and that all the major fabricators are marketing flanged
joints, usually with some sort of composition gasket and metal clamping
device.

“Poly optic” technique. If two surface are ground and polished to an
optically flat finish and are then brought into contact with each other,
they will adhere, due to molecular attraction. If the two mating surfaces
are absolutely flat, molecular diffusion will take place at room tempera-
ture and the glass parts will seal. Lesser degrees of flatness require greater
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degrees of temperature to effect seals. This principle was first applied on
a commercial basis by C. S. F. in Paris, France, during World War 1I.
It has also been used in the United States by Chatam Electronics Corp.!
The usual method employed in fabricating hermetically sealed tubes or
enclosures by this technique, is to grind and polish the faces to be joined
to a Johannson block-like finish, then align and press the two parts to-
gether and evacuate the tube. Atmospheric pressures will hold the two
parts together until a seal can be effected. A variation of this process has
been applied on a commercial basis by Allen B. Dumont Laboratories for
sealing face plates onto the open funnel end of large television picture
tubes.?2 In this method apparently used with a great deal of success, use
is made of solder glass applied to the periphery of the quasi-optically
polished surfaces to effect a strong and permanent seal. Wide use of the
poly optic technique is limited by the fact that this is an expensive method
of making seals. Costly machinery and skilled operators are needed to
grind the glass parts to the degree of flatness required for effective sealing
to occur. In addition, unless the finish on both mating parts is as good,
or better, than that of a Johansson block, sealing will not occur at tem-
peratures much below that at which glass softens.

However, even if the sealing takes place at a temperature close to
that at which glass softens, this sealing method will still have merit, for
the sealing temperature will be below that at which glass is worked in
conventional flame sealing, also since the seal is normally made with the
internal structure under vacuum, and since no combustion products
enter the sealed off device, the internal structure of devices sealed in by
this process tend to be cleaner and longer lived than those sealed in by
conventional flame working methods.
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Figure 2
Electrical Heating

Electrical Heating. If glass is heated to its softening or working tem-
perature and then brought into physical contact either with another piece
of heated glass or with some other properly prepared and properly
matched material, wetting and sealing will occur. Some methods of elec-
trically heating glass for sealing purposes are as follows: A. Indirect
heating (radiant heating). In this method a fixture such as a metal or
graphite ring is placed in close proximity to the parts being joined and
is then heated, either directly by resistance heating or by induction. This
hot fixture, in turn heats the glass parts being joined by radiation causing
them to soften so that sealing can take place. Fig. 2a

Although this method does not appreciably reduce the amount of
heat required to effect a seal, it does have the advantage of eliminating
the flame used in conventional sealing methods thereby eliminating any
contamination which might be introduced by combustion products.
B. Direct heating. An interesting variation of the above technique is to
“sandwich” a conducting ring or disc, of an appropriate metal, (i.e.
Kovar) between the two pieces of glass to be joined.3 The metal, usually
heated by induction, causes the glass surfaces, in contact with it, to soften.
If the metal has been properly prepared, the softened glass will now ad-
here to it, effecting a seal. Many variations of this ring method have
been successfully used, and can also be applied to making glass-to-metal
seals. When glass is sealed by the interposition of a metal ring in this
matter it is usually accomplished at a somewhat lower temperature than
when sealed by direct heating, however, since these seals contain a glass-
to-metal seal, they also contain a stressed area about that seal, so that
cracking may occur more readily in this type of seal. Fig. 2b.

C. Arc Sealing. Another useful and interesting method of sealing
glass is to use a high voltage electric arc. This method, developed by
Corning Glass Works,* takes advantage of the electrical conductivity of
the glass itself. This may seem strange, since most of us know glass as an
insulator, as it is at room temperature, however, if the temperature of
glass is raised its electrical resistance drops. If the temperature is raised
high enough the glass will actually become a conductor. This characteristic
is utilized for arc sealing by causing the glass to become hot enough to
conduct electricity. When this happens the electric arc transfers from
air to the lower resistance of the glass. The temperature of the glass rises
very rapidly due to resistance heating; softens and can be sealed.
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Arc Sealing

Two types of electrodes are in common usage in arc sealing, flame
electrodes and solid electrodes. In using flame electrodes, the high voltages
are actually applied to lighted gas burners. The flame supplying a copious
source of ions, so that an arc may be struck in air at reduced voltages.
Additional advantages of using flame electrodes are that the work may be
pre-heated and, after sealing, annealed by the flame. This type of seal
is usually used for large work and heats the glass parts being joined to
a considerable degree. However, the seal area is highly localized and the
joints made in this manner are usually strong and tight.

Solid electrodes are used, usually for hermetically sealing small
glass tubes such as transistor enclosures where low temperatures must
be maintained throughout the entire sealing operation. Operation is simi-
lar to that for the flame electrodes. The parts to be sealed i.e., bulb and
stem, are set in a glass lathe and carefully aligned so that the outer diam-
eters of the parts to be sealed are concentric to each other, with the plane
of the open end of the stem parallel to, and slightly inside the open end of
the bulb. High voltage electrodes are then positioned in the plane of the
open end of the bulb. The glass parts are set into rotation and an arc is
struck in air. Radiation and ‘“‘splash’ of this arc heat the glass causing
its electrical resistance to decrease. When this resistance is less than
that of the air gap between the electrodes, the arc enters the glass and
very rapid heating occurs so that the glass softens and can be sealed.
Corning Glass Works has applied this sealing method to soft glass tran-
sistor enclosures so that a complete hermetic seal can be made in twenty
seconds. The U.S. Army Signal Corps at Fort Monmouth has extended
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this method somewhat by applying arc sealing techniques to hard glasses
and to somewhat larger electron tube bulbs and stems.5

To take full advantage of rapid sealing with a consequent minimum
temperature rise of the bulb’s sealed-in components, arc sealed bulbs are
not annealed, for annealing would raise internal bulb temperatures above
the desired levels. Lack of annealing seems to have no ill effect on small
diameter tubes sealed in this manner. However, in the case of larger
tubes, the strain may induce a great deal of shrinkage in the completed
devices.

D. Solder glass. Next to the glassblower’s art, perhaps the most use-
ful and versatile glass working methods are those involving use of solder
glass. Vitreous type of solder glass have been in common use for many
years. They are low “melting” glasses which can be applied to higher
“melting” glass at temperatures just below or just above their annealing
temperatures to make a seal in a manner similar to that of soft soldering
metal.

A-MICA TO GLASS SEAL B- TUBING & FEED THRU SEAL

SOLDER
GLASS
TUBE

MICA—

DAMET
ELECTRICAL
LEAD

M ASS DI
GLASS LIME GLASS DISH

Figure 4
Solder Glass Seals

The devitrifying type of solder glass has become very popular since
its introduction a few years ago, and several excellent papers on this
subject have been published.6.” Its popularity is due mainly to the fact
that after heat treatment it attains a permanent stability and can be re-
heated to temperatures even higher than the original sealing temperature
with no deleterious effect on the seal. The extreme usefulness of these
materials manifests itself by the fact that it is possible to make seals in
places that would be either very difficult or impossible by conventional
glass blowing techniques, i.e., in our laboratory we have ‘“sealed-in” but-
tons at the edge of CRT tube funnels by ultra-sonically drilling holes
and solder glassing the buttons in place.

One very useful fact, is that glass bonded by this method can be
released by soaking in hydrochloric acid. The parts can then be cleaned
and re-solder-glassed.

Soldering techniques are not really low temperature methods of
sealing glass since the glass must be raised to a rather high temperature
in order for sealing to occur, approximately 430°C. for the soft glass sol-
ders and 600°C. for the hard glass solders. This is still considerably be-
low the temperature at which glass is worked in a flame and the perma-
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nence and strength of the seals are comparable to flame worked glass. In
addition this method offers the convenience of hermetically sealing glass
to configurations difficult or impossible to attain by conventional flame
working methods.

Use of Epoxy Resins—In the past few years phenomenal success has
been achieved in making vacuum tight seals by the use of epoxy resins’.8.9.
Strong hermetically tight seals can be made in this manner at tempera-
tures of 100°C. to 200°C. Seals can be made at even lower temperatures
by using greater amounts of catalyst when mixing the epoxy, or by using
longer cure time.

Mr. George Horky!0 of Special Techniques at this laboratory has
successfully used epoxy cements to bond ‘“quartz” (fused silica) windows
to Corning 7740 glass, 7740 windows to monel tubing, ‘“quartz” to copper,
7740 to brass, kovar to quartz, kovar to 7740 glass, quartz to quartz, and
7740 to 7740.* These seals were found to be hermetically tight when
helium leak tested at 5.3 x 10-10 cc/sec. Windows made by this process
for cryogenic work have been used at liquid helium temperatures and
found to still be vacuum tight after four months of use. A final check of
this work here was made by sealing a “quartz” window to a 7740 tube
and then fusing an ionization gage onto this tube. This assembly was
exhausted and baked at 120°C. for twelve hours and then “tipped off”.
Measurements made on the ion gauge read 2.8 x 10-7 torr. This same
pressure was read again one week later. Of course, pumping by the ion
gauge itself could have masked a somewhat high pressure, but the test
does prove that a seal made in this manner is really vacuum tight.

BOROSILICATE
GLASS \j@

ION GAUGE

EPOXY CEMENT

FUSED SILICA ~
PLATE

Figure 5
Epoxy Seal

The method used here for making the seals was as follows: Plastic
Associates epoxy #708F and 708F catalyst were used in the ratio of two

*The “‘quartz’ referred to above is the fused silica commonly called quartz by glassblowers.
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parts of resin to one part of catalyst, Corning Solder Glass #7574 in the
form of a powder was used as a binder. It is felt that use of such a binder
will help change the coefficient of expansion of the epoxy to more nearly
match that of the glass used.

A typical formulation of the mixture is:
708-F Resin — 8 grams
708-F Catalyst — 4 grams
#7574 Glass powder — 20 grams.

Epoxy bonded seals are strong, easily fabricated, hold up well in use,
and can be made to a variety of shapes. However, they cannot be baked
at really high temperatures and the epoxy will outgas, especially if it has
not been cured sufficiently. In all, however, this is a very useful and con-
venient sealing method.

HOUSEKEEPER TYPE

ELECTRON GUN  LEAD GLASS CONNECTOR

ASSEMBLY ENVELOPE
BLANK COPPER
~ :]] FLANGE
- % CLAMP ASSEMBLY
— (INNER RING IS SPLIT
TO ALLOW REMOVAL)
NOTES: SPLIT RING

I. CLAMP ASSEMBLY IS USED ONLY
DURING BONDING OF JOINT.

2. ELECTRON GUN ASSEMBLY IS
SEALED TO ENVELOPE ONLY
AFTER BONDING IS COMPLETED.

Figure 6
Thermal Compression Bond

Thermocompression Bond. If two clean, accurately machined sur-
faces are gold plated, or separated by a thin gold foil and then pressed
together at a moderate temperature, well below the melting point of gold,
a so called diffusion seal or thermocompression bond may be effected!!.
This seal is especially useful in joining accurately machined metal parts,
preferably copper or brass since copper bonds so well to gold. Mr. E. J.
Taschler of the Special Techniques Group in this laboratory, has applied
the idea of thermocompression bonding to a low temperature sealing-in
method for glass. A specially designed flange of OFHC copper was sealed
to glass using a Houskeeper seal. The flange was then plated first with
nickel using the electroless method and then with gold using temperex
H.D. gold solution. 0.0005” of gold was plated onto the flange; this type
of plating permits the plated part to be heated to 500°C. in air without
showing any detrimental effects. This part was then clamped to a similar
flange and the assembly slowly brought up to a temperature of 450°C.
After slowly cooling to room temperature it was found to be hermetically
tight when tested with a mass spectrometer leak detector.

49



No doubt, many other methods of attaining the results discussed

above, exist. It is hoped that some day a complete compilation of these
methods will be made. In the meantime, perhaps, this paper may serve
the experimentalist to choose some sealing method best suited for his
purposes.
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THE FLAME SPRAY PROCESS AND SPRAYING
TECHNIQUES

F. J. DITTRICH

Metco Inc.
Westbury, Long Island, N. Y.

HISTORICAL:

Much of our modern flame spray equipment and technique has
evolved from the original equipment and process developed in Switzer-
land by Mr. M. U. Schoop in the early 1900’s. In 1882, a process for
making lead powder by passing a stream of molten lead through a gaseous
blast was patented in Germany. Schoop conceived the idea of preparing a
metal coating by placing the article to be coated directly in the path of
this atomized metal. As early as 1902, a process for producing a metal
coating by impacting metal dust upon a base by means of a blast of un-
heated gas was patented, but this method was never used commercially.
A United States patent, issued some years later to Mr. Schoop, disclosed
a modification of this process in which ignited gases were used to melt
and propel the metal particles to the substrate. Around 1910, a success-
ful metallizing unit which atomized a stream of molten metal was devel-
oped, but this equipment was so massive that it seriously handicapped
commercialization of the process.

The use of metal in the form of wire for spraying was first proposed
around 1905, and in 1910 a metallizing “pistol” using an oxy-acetylene
flame to melt the wire was designed.

An electric arc, struck between 2 identical wires to be melted, was
used as a heat source in some of the early equipment, but this type of
equipment was found extremely difficult to use because of two electrically
“hot” wires required, and because of excessive oxidation of the materials
as they were melted in the electric arc and propelled to the substrate by
means of a compressed air blast. Use of this type of flame spray equipment
is still in limited use, principally in Europe, today.

The wire metallizing process was first introduced into this Country
in about 1920 when the original wire type Schoop gun was imported. The
relative simplicity and ease of operation of this wire type equipment
stimulated use of the process and the development of more reliable equip-
ment. Wire spraying is by far the most widely used method of depositing
metal coatings with the “metallizing” or “flame-spraying” process today.

The invention of the original powder spray equipment in which the
powder materials are suspended in air, carried through a flame for melt-
ing, and propelled to the base by compressed air is generally credited to
Shori, and is the subject of a British patent. This type of metallizing
equipment has been in use for many years, but generally is restricted to
spraying low melting point materials such as zinc or aluminum. The
equipment, however, is not limited to these materials and excellent coat-
ings of steels and bronzes can be deposited by this method. The wire pro-
cess is used if possible because it is basically cheaper and faster.

The molten metal process, in which the metal to be sprayed is melted
in a crucible and then atomized, is usually restricted to the spraying of
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very low melting point materials such as lead, tin, bismuth, or their
alloys.

The airless chemical-flame powder-spray equipment, invented by A. P.
Shepard and F. J. Dittrich, was introduced early in 1956. This process
permits the spraying of practically any material, in powder form, with a
melting point up to around 5000°F. The material to be sprayed is car-
ried into the flame by a portion of one of the gases used to produce the
heat for melting, and is propelled to the substrate by the products of com-
bustion. This equipment is noted for its extremely high thermal efficiency.
Spray speeds are fairly high and deposit efficiencies, with most material,
are around 957%,.

The plasma flame process was first introduced around 1958. Spray
speeds and deposit efficiencies were low with the original equipment, there-
fore it was primarily used in laboratories for experimental work and not
accepted for general use in flame spraying. The equipment and spray
techniques have been considerably improved since that time, as we shall
see later.

SUBSTRATE PREPARATION:

Regardless of the method used for melting and propelling the coat-
ing material to the substrate, proper preparation of the substrate surface
is required in order to securely bond the flame-sprayed coating. Prior to
the development of “self-bonding” coating materials, substrate prepara-
tion was accomplished either by grit blasting the surface or by machin-
ing preparation. Grit blasting serves a dual purpose in that the surface
is both cleaned and roughened in a single operation. It is, however, neces-
sary to remove all oil and grease from the substrate surface prior to grit
blasting. With this method, all oxide films are removed from the surface,
the surface is roughened and raised portions of the substrate surface are
peaned over to provide undercuts into which the molten coating particles
may key. This type of bond is almost entirely mechanical in nature al-
though chemical and/or solid state bonding might also be involved. The
entire mechanism of this type of bonding is not very well understood.
Grit blasting results in compressive stresses in the surface layers of the
substrate which tend to warp the surfaces. The stresses due to grit blast-
ing can usually be ignored when massive bodies are prepared in this
manner, but structures consisting of thin sheet elements can be warped
beyond usefulness.

Machine element work can generally be prepared by rough thread-
ing, grooving and roughening with a special knurling tool, by grit blast-
ing, or by using a self bonding bond coat. Rough threading is accomplished
by cutting a full depth thread in one pass with a tool deliberately ground
to produce a rough, ragged thread surface. Grit blasting can be used after
the surface to be coated has been undercut sufficiently to allow the thick-
ness of overlay required, and to provide a clean surface. An undercut
surface on machine elements can be grooved and roughened using a spe-
cial knurling tool previously mentioned, and this method provides one
of the strongest mechanical bonds in use today.

The need for improved surface preparation methods has resulted in
the development of “self-bonding” bond coats for subsequently applied
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flame sprayed coatings. Self-bonding materials are those which, when
flame sprayed, will adhere strongly to a smooth surface. These materials
require only that all contaminates and heavy surface oxide films be re-
moved in order for particles in the spray stream to form metallurgical
bonds on impact with the base. Mechanical keying is not involved in this
type of bonding; high strength bonds are produced on surfaces polished,
for example, to about a 4 microinch finish. Post-deposition heat treatment
is not required to effect or to improve the bond. Surface oxide films can
be removed by grinding, chemical etching (so long as no residue is left
on the surface by the etchant), abraiding with very fine abrasives such as
aluminum oxide at low air pressures, or abraiding the surface with fine,
clean emery cloth. Coatings can be applied to hard, brittle base materials,
which cannot be prepared by grit blasting, by using a self-bonding bond-
coat to provide the adhesion for the desired coating material. In addition,
thin sheet structures or tubing can be coated without danger of warping
due to grit blasting.

There are a number of metals which, when flame sprayed, are self
bonding to some base materials under certain conditions. Molybdenum
self-bonding was developed by A. P. Shepard in 1947. Except for molyb-
denum, none of these is in common use today because of special atmos-
phere, temperature control, cost, or other requirements which make them
impractical for general use. Molybdenum is the most commonly used
self bonding material, and is used as a primary coating for its own par-
ticular attributes such as wear resistance, or as a thin bond cocat for other
coatings. Use of molybdenum is restricted in high temperature oxidizing
atmospheres by its high oxidation rate at temperatures over approximately
600°F., and the volatility of its oxides at high temperatures. Used as
bond coat, molybdenum is sprayed on to a clean substrate surface in
thicknesses ranging between .002” and .005”, the as-sprayed surface of
the molybdenum coating providing the desired roughness of coating to
which other materials can mechanically bond.

More recently, in April of 1963, a completely new self-bonding mate-
rial—nickel aluminide—was introduced to users of the flame-sprayed
processes. This unique material is a powder in which each particle is a
core of aluminum clad with a coating of nickel which may be sprayed
with either combustion or plasma flame equipment. Immediately upon
entering the flame, each particle is raised to its “ignition” temperature,
an exothermic combination reaction is initiated, the nickel aluminides
are formed, and considerable heat is generated. “Ignition” is used to de-
scribe the initiation of the combination reaction—it should be under-
stood that no combustion is involved; the combination reaction does not
require and is not supported by oxygen. The continuation of the exo-
thermic combination reaction can be observed visually in the flame. High
speed motion pictures, taken at 8000 frames per second, showed the indi-
vidual particles glowing more brightly as their temperature increased as
they traveled further from the nozzle, away from the hottest zone of the
combustion flame. This is in contrast to spraying the conventional powder
materials where particles reach peak temperature in the hottest part of
the flame, and then cool during travel away from the nozzle. The nickel
aluminide coatings deposited are self-bonding to the smooth surfaces of
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many substrate materials including annealed or hardened carbon and
alloy steels, cast irons, the stainless steels, nitrided steel surfaces, alumi-
num, titanium, tantalum, columbium and columbium alloys, cobalt, various
glass formulations, quartz, and graphite. Flame sprayed nickel aluminide
coatings are an improvement over flame sprayed molybdenum coatings for
bonding because they are more consistent in strength and have higher
strength. In addition, the nickel aluminide coatings in themselves are
oxidation resistant to temperatures around 2000°F. This new coating
material is finding wide useage in nearly every industry.

Bonding flame sprayed coatings to brittle substrate materials such
as, cast iron, hardened steel, glass or ceramics can be a difficult procedure.
It is impossible to prepare these substrates using the usual grit-blasting
preparation techniques. Generally, the surfaces can be roughened some-
what by blasting with unabrasive grit, such as boron carbide or aluminum
oxide, whose particle hardness is greater than that of the material to be
prepared. The formation of the “undercuts” and “keys” which are vital
to the adhesion of the applied coating, is impossible due to the brittle
nature of these particular materials.

Bonding to cast iron or to hardened steel substrates can be easily
accomplished using one of the self bonding materials, previously described,
as an intermediate coating to provide adhesion for the desired coating
material.

Bonding to most glass surfaces, or to porous, unglazed ceramic sur-
faces, can also be easily accomplished with most metal coatings. Most
glass substrates can be coated by first removing all surface contamination
by solvent wash, preheating the substrate, and then spraying with alu-
minum, zinc, copper or copper alloy, or tin, to mention a few metals.
Spraying higher melting point, less ductile, metals such as nickel alu-
minide, steel, or molybdenum for example, directly onto glass surfaces
may produce a crack pattern on the glass surface due to extreme thermal
shock and/or thermal expansion mismatch. The deposited coating gen-
erally separates from the substrate by pulling particles of glass out of the
coated surface. This condition has been eliminated in the past by first
spraying an undercoat of zinc or aluminum and then overcoating with
the desired material.

Bonding to high sintered, high density, high melting point ceramic sub-
strates presents more and different problems. Obviously, even grit blasting
with boron carbide can do no more than slightly roughen these substrate
surfaces. Most metals will not “wet”, and therefore become self-bonding;
the lack of bond and high thermal shrink of most metals results in crack-
ing of the metal overlay and complete loss of the coating. Bodies of Al,O,,
sintered to nearly maximum theoretical density, may be coated by plasma
flame spraying tungsten onto a previously cleaned surface. The tungsten
may be used as the primary coating material, or may be used as a bond
coat for other more desirable metal overlays. The nature of the bond has
not been investigated, nor has the strength of the bond been accurately
determined as yet. There are probably other metals, such as molybdenum
or alloys of molybdenum, which could produce the same bonding effect.

Glass, sprayed with airless chemical flame powder spray equipment
will bond to most ceramic, or other glass, materials. The substrate sur-
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face must be clean, preheated, and the glass overlay applied so that it
fuses as it is deposited. Thermal expansion rates of substrate and coating
must, of course, be quite closely matched.

GENERAL PROPERTIES OF FLAME SPRAYED COATINGS:

Flame sprayed metals are new metallurgical materials with physical
properties entirely different from the original metal sprayed. In general,
flame sprayed metal coatings are harder, more brittle, and more porous
than the original material. Higher hardness can be due to the radical
quench from approximately the melting point of the metal to the sub-
strate temperature, usually less than 300°F., and to the inclusion of a
small percentage of oxides which form on the particles in spraying. Poros-
ity is inherent in the process and varies with the material sprayed, and
the type of equipment and/or spray parameters used. It can range from
a low of approximately 14%, to a high of 209, or more, if it is so desired.
Flame-sprayed machine-element bearing surfaces show reduced wear
when compared to surfaces of conventional materials because of high
particle hardness and the oil retained in the pores in the coatings; this
is comparable to oil retention in the pores of pressed and sintered porous
powder-metallurgy bearings.

A relatively new kind of flame sprayed coating is that in which a
metal alloy, usually a Nickel-Chromium-Boron-Silicon alloy, is deposited
on the surface and fused after deposition to form a hard, non-porous over-
lay which is fused to the substrate surface. One of the softer alloys of
this class of materials is used on glass mold plungers to resist oxidation,
attack by molten glass, and cracking due to thermal shock. This type of
coating is most useful in applications where heavy wear and/or abrasion
resistant coatings are required. Tungsten carbide particles, usually cobalt
bonded tungsten carbide composite grains, are blended with this type of
self-fluxing alloy material to resist extremely heavy wear and abrasion.

Ceramic coatings, applied by (1) the chemical flame powder spray
process (2) the plasma-flame powder spray process, or (3) the rod spray
process, again, are new engineering materials whose physical properties
are very similar to the flame sprayed metals. The coatings are brittle and
porous, and in addition adhesion to some grit blasted substrate surfaces
as poor unless an intermediate bond coat of an oxidation resistant mate-
rial, such as a nickel-chrome alloy, is first deposited on the grit blasted sur-
face. The ceramic will bond more strongly to the as-sprayed surface of the un-
dercoat than it will to the roughened surface of most substrates. Porosity
and hardness of ceramic coatings are dependent on the material sprayed,
the equipment it is sprayed with, and the spray parameters used with
each of the 3 basic types of equipment. Porosity can be varied, for almost
any given material, from less than .5% to more than 209, if it is de-
sired, by simply varying spray parameters such as material feed rate
through the flame, spray distance between gun and substrate, particle
velocity on impact with the substrate, particle size range of the starting
material, be it powder for spraying or the starting powder from which
rods are fabricated. With the rod spray process, texture (or smoothness)
of the deposited coating also appears to -vary with the size of the powder
particles from which the rods are fabricated. Hardness and abrasion re-
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sistance vary almost directly with porosity in ceramic coatings and can
be varied in much the same manner as can porosity.

Thermal shock resistance of ceramic coatings, resistance to separa-
tion from the substrate due to thermal cycling and mismatch of thermal
expansion rates between coating and substrate, for a given coating mate-
rial, varies with the bond strength of the coating to the substrate and the
porosity of the coating. The more porous the coating is, the less suscep-
tible it is to separation from the substrate in thermal cycling. The higher
the bond strength, the denser the coating that will resist separation from
the base in thermal cycling. However, as maximum theoretical density
of the ceramic coating is approached, the danger of separation due to
thermal cycling and the radical differences between ceramic coating and
the usual metal substrates substantially increases, regardless of the bond
strength. Just as fused glass coatings on steel substrates will fail by spalling
if the thermal expansion rates of coating and substrate are not closely
matched, so will flame sprayed ceramic coatings fail if maximum theo-
retical density is approached too closely.

A hard Al,O, coating of some considerable thickness deposited on a
grit blasted 300 series stainless steel surface will have low bond strength
and will easily separate from the substrate, often in cooling to room
temperature after coating. Application of a “bond coat” of nickel-chrome
alloy, .003” to .005” thick to the same substrate prior to deposition of the
ceramic coating will improve bond strength so that the resultant coating
system can be thermally cycled to some extent without loss of bond.

Thermal shock resistance of ceramic coatings can be markedly im-
proved through use of cermets or cermet coating systems. Mixtures of
metal and ceramic powders in various proportions have been flame
sprayed to form layered coating systems. The layers closest to the sub-
strate are richer in the metal phase, which is gradually decreased until
the surface layer is 1009, ceramic. Coating systems such as this have
withstood repeated thermal cycling in plasma flame materials evalu-
ation facilities in several laboratories, including an Aeronautical Systems
Division Program. (WADD) A mixture of 40 wt. 9 of the nickel alu-
minide powder previously mentioned and 60 wt. 9, of Al,O,, sprayed
approximately .020” thick on a low carbon steel panel 17 x 3” x l5”
successfully withstood 10 cycles of heating to over 1800°F. in an oxy-
acetylene torch flame and quenching in room temperature water.

WIRE AND ROD SPRAYING:

Modern wire and rod spraying equipment bears little resemblance to
Schoop’s original “pistol”. The original equipment was difficult to light,
difficult to adjust for proper spray conditions, and even more difficult to
keep operating for extended periods of time without backfire or other
malfunction. Continuous research over the last thirty years has resulted
in the development of wire and rod spraying equipment which are simple
to use, reliable in operation, may be used continuously in production
applications, and deposit materials many times faster than the original
equipment could. Governed air turbines have resulted in consistent wire
feed rates which remarkably improve the consistency of the deposited
coatings. Wire or rod speed in the modern units can be varied in stepless
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increments so that practically any material that can be formed into wire
or rod can be sprayed. Electronic speed control of electric drive motors
has resulted in very stable wire and rod feed rates from a low of several
inches a minute required for spraying 14” diameter ceramic rod to over
30 feet per minute required for spraying low melting point metals.

Siphon-jet gas metering systems and mixers have resulted in precise
and consistent flow of all the gases used in our equipment today.

“Push-button”, or completely automated, flame spraying has been
a reality for several years. Heavy duty flame spray guns for metals and
ceramic rods, completely controlled by an electronic console through all
steps required for their operation, are in use in production applications.
Some of these units have been tied in with other basic machinery, in line,
so that the flame spray gun will start up and operate on signal from a
main production line control. On activation, the unit will cycle through
gas line purge, reduction to gas ignition flow rate, ignition, full run gas
flows, and activation of the flame-out detector. Accidental flame-out or
decrease in gas supply pressures to less than a present minimum will
automatically shut down the entire unit. Wire feed can be controlled
from a remote station or by push-button control on the console.

Equipment for spraying ceramic rods is almost identical to that used
for spraying metals in wire form. The main difference is in the rod feed
system which must maintain precise speed control from a low of about
3” /minute to approximately 15”/minute maximum instead of the 1.5 to
30 ft./minute required for metal wire.

When the ceramic rod spray process was first announced, a little over
8 years ago, only AlLO, rods in 13” diameter were readily available for
spraying, and zirconia rods 14” in diameter were emerging from the labo-
ratory. Announced spray rates at that time were around .5 lb. per hour
material sprayed at approximately 509, deposit efficiency. Continuous
improvement in rod spray equipment has resulted in radically increased
spray speeds and thermal efficiency so that it is now possible to spray
approximately 3 lb./hour of Al,O, at about 78%, deposit efficiency or
approximately 2 lb./hour of ZrO, at about 609, deposit efficiency. Part
of the increase is due to the increase in rod diameter used—mnow 14"
instead of the original 14” diameter.

Efforts to increase spray rate and improve the quality of coatings are
continuing. One of the latest innovations is a 14” diameter zirconia rod
with 8 radial slots approximately .010” wide and approximately 3/64”
deep formed in the surface of the rod. The objective of this change is to
present more surface area to the flame to improve heat transfer to the
rod. This is accomplished, and spray speed is increased around 259, to
approximately 2.7 lb./hr. The deposited coatings are somewhat coarser
than when solid rod is used.

Ceramic coatings deposited using the rod spray process are dense,
hard, and abrasion resistant with good bond strength. Coating texture
using V4” diameter rods is only slightly coarser than that produced using
14” diameter rods; all other properties remain essentially the same.
Ceramic rods of alumina, zirconia, zircon, chromium oxide, and a
magnesia-alumina spinel are now readily available. The process is not as
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versatile as the powder spray processes, since rods must be fabricated.
This can be a costly and time consuming operation.

Alumina and zirconia coatings deposited using the rod spray process
are very widely used in a great variety of applications in which their
main attributes—wear and abrasion resistance, high melting point, and
low thermal conductivity—are effectively used. A great many of the com-
bustion chambers, throats, and exit cones of rocket and missile engines in
use today have been lined with alumina or zirconia using the rod spray
process. Pump plungers, for instance, for use under highly abrasive and /or
corrosive conditions are flame sprayed with Al,O, quite successfully.

The rod process has a number of disadvantages, among which are
slow spray speed, low deposit efficiency, and rod-ends which spit out
during spraying, which may adhere to the work.

It is usually not practical to deposit glass coatings using glass rods
and the rod spray process. While the equipment is capable of feeding and
melting any glass rod, the resultant “sprayed” material is usually a glass
“wool”. Instead of atomizing into minute droplets, small diameter fibres
form, and cool rapidly because of the quenching effect of the compressed
air envelope surrounding the flame and entry into the cooler air atmos-
phere. The fibres may be collected with suitable equipment; small quan-
tities of quartz “wool” have been manufactured in this manner by spray-
ing quartz rods.

THE CHEMICAL FLAME POWDER SPRAY PROCESS:
There are two basic types of chemical-flame powder spray equipment.

The first is the Schori-type equipment in which the powder to be
sprayed is picked up in an aspirating jet of air and conveyed through
the center of a concentric ring of jets in a nozzle through which the com-
bustible mixture of acetylene and oxygen emerge. The nozzle is surround-
ed by a concentric shield of compressed air which cools the burner and
aids in propelling the molten particles to the substrate surface. The pow-
der carrying air conveys the particles through the flame at fairly high
velocity and, in addition, dilutes and cools the flame. This combination of
high particle velocity and cooler flame permits the spraying of low melting
point metals such as lead, tin, zinc, and aluminum. Self-fluxing, hard facing
alloys with melting points around 1950°F. and bronzes and steels can
also be sprayed with this type equipment. The coatings deposited are
almost identical to those deposited using the wire spray process. Spray
speeds are generally somewhat slower, but in some cases deposit effici-
encies are higher than with wire. Neither the higher melting point refrac-
tory metals such as molybdenum, tungsten, tantalum, etc., nor the higher
melting point refractory ceramics such as oxides, nitrides, borides, car-
bides, etc., can be effectively sprayed with this type of equipment.

The second basic type of chemical flame powder spray equipment is
known as ThermoSpray and uses no compressed air at all either to con-
vey the powder or to aid in propelling the melted particles to the sub-
strate. Introduced early in 1956, this type of equipment probably has the
highest thermal efficiency of any chemical-flame spray unit. The powder
to be sprayed is gravity fed through a metering orifice into an aspirator
where the powder is picked up by a small portion of one of the gases
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used to supply the heat for melting. This is usually the combustible gas,
either acetylene or hydrogen. In spraying the metals which melt below
approximately 3500°F., the powder is carried through a single axial port
into the center of a concentric ring of parallel axial mixed gas jets. These
form a ring of flame surrounding the particles, into which the particles
diffuse as they are propelled to the substrate.

In spraying materials which melt over approximately 3500°F., the
method of feeding and carrying the powder particles is identical. How-
ever, for these materials a special nozzle splits the axial-flowing stream of
carrier gas and powder particles into a number of smaller streams, each
flowing angularly away from the axis of the nozzle in a radial pattern.
Each of these streams is injected into a jet of burning gas where the
particles are intimately mixed with the flame, heated to over their M.P.,
and propelled to the substrate surface.

The lower melting point metals, tin, lead, cadmium, zinc, or their
alloys cannot be sprayed with airless chemical flame equipment without
extensive modifications, all of which result in reducing the flame tem-
perature and/or increasing the particle speed through the flame. The
metals which melt in the approximately 1200°F. to 2000°F. range, with
the notable exception of the self-fluxing hard-facing alloys, are best
sprayed, with this equipment, using a hydrogen-oxygen rather than an
acetylene-oxygen flame. The self-fluxing hard-facing alloys which melt
in the 1850°F. to 1950°F. temperature range and all other materials which
have melting points over approximately 2000°F. may be sprayed with the
airless acetylene-oxygen flame.

The high flame temperature and thermal efficiency of this type of
equipment permits the deposition of excellent coatings of metals with
melting points up to and including that of tantalum, which is about
5490°F. (*90°F.), and of ceramic materials with melting points up to
and including that of zirconia, which is just over 4700°F. The high ther-
mal efficiency results in relatively high spray speeds and in extremely
high deposit efficiencies. Self-fluxing hard facing alloys can be sprayed
at 15 lbs./hr. at 96%, deposit efficiency. Al,O, can be consistently sprayed
at 31, lbs./hr. at 96.5% deposit efficiency and ZrO, can be sprayed at
2V lbs./hr. at 80 to 85%, depesit efficiency, compared to 60% D.E. for-
ZrO, rod.

Spray speed and deposit efficiency are extremely important when
comparing the economics of the various flame spray techniques. Costs of
spraying, that is gases, labor, and overhead generally are fixed expenses.
High thermal efficiency in the spray unit results in high spray speeds,
which reduces the cost per pound of material sprayed. High deposit effi-
ciency materially reduces the cost per lb. of material deposited by elimi-
nating waste. When you consider that many materials being commonly
sprayed cost over $10/lb., a high deposit efficiency is indeed important.

Conventional air-feed chemical-flame powder spray equipment could
be used for depositing some glasses in powder form, particularly those
with lower softening temperatures. The air shield around the flame and
the air powder-carrier gas which dilute the flame and permit the spray-
ing of lower melting point metals would tend to lower the maximum
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softening point glass sprayable with this type of gun. The airless types
of chemical-flame powder-spray equipment is not restricted in that man-
ner; practically any glass in powder form may be sprayed. Even the high
lead glasses with their lower softening points have been sprayed using
precautions to protect the operator and the area around him. This pre-
caution is required with toxic materials regardless of the type of equip-
ment being used.

Glass coatings may be flame sprayed onto metal substrates using
either of two techniques. With the first, the substrate is grit blasted, pre-
heated to 250°F.-350°F., the glass sprayed on and subsequently fused.
With the second technique, only removal of surface contamination is
required. After cleaning, the substrate is preheated to a temperature at
which oxide films form. The glass is then sprayed on and fused as it is
applied.

Plasma flame equipment, to be described later, may be used instead
of the airless chemical flame equipment for depositing glass coatings.
The same spray techniques are used with both methods, and the coatings
deposited are of essentially the same quality.

Although flame spraying offers a means of producing glass coatings,
there are actually not very many applications in use. There are several
reasons including the usual problem of matching co-efficient of expansion
of coating and base; probably not enough effort has gone into solving
this type of problem for the case of flame spraying. Since each individual
case or application is different, the type of glass chosen for a job depends
on the particular situation. Experience has shown that this often requires
testing of many different glasses for a particular application, and this
generally means joint efforts between those experienced with the glass
industry and those familiar with flame spraying.

The inherent simplicity of this type of equipment and the spray
techniques required, and the fact that readily available powders can be
sprayed make this the most versatile of all the chemical flame spray
equipment.

PLASMA FLAME SPRAY EQUIPMENT:

The newest technique and equipment for flame spraying—the plasma
flame—is probably the most versatile of all at this time and probably
has the most potential for future use, barring any radical break-through
in chemical flame equipment.

The heat source is a D.C. electric arc of high intensity, struck usually
between a water-cooled tungsten electrode and a water-cooled copper
nozzle. The direct current is supplied from a rectifier type power supply
unit, power for which is supplied through alternating current mains. The
most common equipment is conservatively rated for continuous opera-
tion at D.C. power levels up to approximately 40 kilowatts, but for inter-
mitten operation, much higher power levels are possible.

The plasma gas is used as a carrier to transfer heat available in the
arc to the particles of material to be sprayed. A primary gas such as
Argon, Nitrogen, or Helium is brought to a control unit under regulated
pressure. In some types of equipment, the primary gas is mixed with a
secondary gas, usually around 15% hydrogen by volume, which is also
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brought to the control unit under regulated pressure. The gas proportions
are precisely regulated and the total flow of gas accurately controlled by
valves and flow meters in the control unit. The temperature and heat
content of the plasma gas is controlled by regulating the arc current,
the flow of plasma gas, the choice of primary and secondary gas and
their proportions, and by selection of a proper nozzle.

Hydrogen, as previously mentioned, is the usual choice of a sec-
ondary gas, where one is used, for several reasons. It raises the voltage of
the arc and thus permits the use of higher power; it burns with atmos-
pheric oxygen to give additional protection from oxygen to the material
being sprayed, and increases the heating efficiency of both the plasma and
the articles being sprayed.

The powdered material to be sprayed is supplied in accurately
metered quantities by a powder feed unit, usually carried by a gas stream
taken from the supply of primary plasma gas. Introduced into the plasma
downstream of the arc, the particles are melted and propelled to the sub-
strate as molten droplets by the plasma stream as it flows out through the
nozzle orifice.

Plasmas have proved to be superior to the classical relatively un-
ionized gases when used as heat exchange mediums. The fundamental
reason is that in the gas of a plasma there is at least one important state-
change through which the gas passes to become ionized plasma. When it
passes through this state-change, it absorbs heat without a very large
temperature increase. Conversely, when it is being used as a heating fluid
it delivers this heat of state-change without reducing the temperature very
much. The fact becomes particularly important where the surface to be
heated is that of a small particle of material propelled by that gas. The
very fact that the gas is propelling the particle makes it difficult to obtain
the high “wiping” difference between gas velocity and particle velocity,
which is required for efficient heat transfer between a hot, classical, rela-
tively un-ionized gas and a surface to be heated.

Nitrogen is the usual choice for the primary plasma gas, although
argon is quite commonly used and helium may also be used. Diatomic
gases such as nitrogen and hydrogen pass through at least two substantial
state-changes when energized. They are first disassociated from molecular
gases into atomic gases by separating the atoms of the molecules, and
then ionized. In principle, therefore, diatomic gases make fundamentally
better plasmas for heating purposes than monatomic gases such as argon
or helium which pass through only one substantial state change in the
arc, ionization.

Besides high heat content, the plasma gas must also have sufficient
density to accelerate the particles sufficiently to give high impact velocities
on the substrate to form dense coatings. For this reason too, the denser
nitrogen is superior for general purpose spraying. The plasma gas is also
required to protect the sprayed material from undesired chemical re-
action. Nitrogen mixed with 5%, to 25%, hydrogen has proved to be satis-
factory for protection from atmospheric oxygen. In this respect, the mix-
ture is better than argon or helium unless additional shrouding or an in-
ert gas atmosphere chamber is used. The hydrogen in the mixture burns
with the atmospheric oxygen which diffuses into the plasma stream and
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thus gives more protection than an inert gas. Obviously, nitrogen cannot
be used where the chemical action of the nitrogen is detrimental to the
coating. Actual experience shows, however, that theoretical predictions
in this regard are not very reliable. This is because the exact time-
temperature conditions for nitriding are not very well known, and also
because the effects of small quantities of nitrides included in the coating
are not necessarily detrimental. For instance, while nitrogen has not
been found most satisfactory as a plasma gas for spraying the various car-
bides, it is quite satisfactory for spraying tungsten for most applications.
In fact, nitrogen sprayed tungsten coatings generally have better physical
properties, such as density, than argon sprayed tungsten. It is possible
that the better properties of nitrogen in this case more than offset any
possible disadvantage of nitride content. Even columbium and tantalum
metals can be sprayed better with nitrogen using a nitrogen shroud than
with argon using an argon shroud.

Argon is the most chemically inert gas commercially available and,
for all practical purposes, may be considered completely inert for flame
spraying purposes. As previously stated, however, it is a much poorer heat-
ing medium than nitrogen. There are some materials, such as the carbides
and silicides, which are adversely affected chemically by nitrogen but
which can be satisfactorily sprayed using argon. The usefulness of argon
for spraying such chemically active materials is seriously reduced by
oxidation and nitriding by atmospheric air which is aspirated or diffuses
into the plasma stream. Unless additional protection is provided by
shrouding the entire operation with additional argon, or spraying in an
enclosed chamber using argon atmosphere, its value as a plasma gas is much
diminished.

Helium does not appear to offer much promise for flame spraying,
although some equipment has been designed to operate with this gas.
Although it is highly inert to most substances, it is not as inert as argon.
Helium does not have the reducing properties of hydrogen, has the rela-
tively poor heating properties of the monatomic gases, and also has low
density. However, it may be used in the laboratory where there is a
chemical reason for doing so.

The choice of plasma gas is not an important factor in determining
heat contribution to the substrate. No matter which gas is used, the
heating of the substrate will depend almost entirely on (1) the kind and
rate of material being deposited, (2) the heat output of the plasma flame
spray gun as determined by the number of watts of power consumed, and
(3) the distance of the gun from the work.

At the present state of the art, the plasma flame technique probably
has the highest potential for maximum spray rate, maximum deposit
efficiency, consistency in quality of deposited coatings, and versatility in
the range of refractory metal and ceramic materials that can be sprayed.
Extremely hard, dense coatings of Al,O, can be deposited at the rate of
4 lbs/hr or better. In a developmental setup now being field tested, zir-
conia is being sprayed at the rate of 14 lbs/hr with a deposit efficiency of
80 to 85%,. This is approximately 5 times faster than any chemical flame
equipment can presently spray this material.
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The ability of the plasma flame system to spray materials with
melting points over approximately 5000°F. puts it in a class by itself as
far as these materials are concerned. Tungsten, for instance, can be sprayed
using the plasma flame technique, and coatings can be sprayed at rates up
to 15 lb/hr using a nitrogen-hydrogen plasma. Free standing forms of
tungsten are made by depositing a coating of the desired thickness on a
shaped mandrel, which is subsequently removed. The tungsten shell may
or may not be then heat treated for stress relief or densification. Complex
contoured shells have been sintered to close to maximum theoretical den-
sity using this method. Thin walled Al,O, radomes up to approximately
16” in diameter and 42” in length have been produced experimentally by
flame spraying the Al,O, on a shaped mandrel to the desired wall thick-
ness, removing the mandrel, and then sintering to close to maximum theo-
retical density. The normally high shrinkage on sintering a cold pressed
shape was considerably reduced and warpage and cracking were almost
entirely eliminated.

Practically all flame spray work is done in air atmosphere, and
therefore, the effects of oxygen and nitrogen on the material being
sprayed must be considered. The plasma flame technique is the only one
adaptable for use in completely controlled atmosphere spraying, and
considerable laboratory work is now being done. Unless a powder feeder
can be completely isolated from air atmosphere, all components in the
spray system must be enclosed within a sealed chamber, which is evacu-
ated and then filled with the desired gas. This is the only method by
which the effect of oxygen and/or nitrogen on the substrate and the
sprayed material can be entirely eliminated. It permits heating the sub-
strate to any temperature desired, the spraying of any material without
atmospheric contamination, and deposition of coatings at the higher tem-
peratures which promote maximum coating density.

Throughout the entire previous discussion, reference was made to
materials sprayed using the various spray techniques only as regards their
general classification as metals or ceramics and their melting points, with-
out regard to other properties which radically affect the sprayability of
each individual material and the quality of the deposited coatings. This
was done in order to more simply classify those materials which could
be sprayed using each of the known flame spray techniques. Actually, all
of the properties of a given material are important in determining spray-
ability. Besides melting point, thermal conductivity, emissivity, specific
heat, transparency to radiation, latent heat of fusion, boiling point, latent
heat of vaporization, resistance to oxidation and/or to chemical combina-
tion with an element or elements in the heating medium, and the state
of any oxides which do form are all important in determining, for instance,
the particle size range of a powder to be sprayed and, to some extent, the
type of powder spray equipment that can be used. Metals must be capable
of being formed into wire in order to be useful with the wire spray tech-
nique. Ceramics must be capable of sintering into straight lengths of rods
of consistent diameter without binder materials at reasonable tempera-
tures if high purity materials are to be sprayed using the rod spraying
technique.
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New materials must be thoroughly investigated prior to experi-
mental flame spraying. Toxic materials such as lead, cadmium, beryllium,
and possibly boron, (to name only a few) and their compounds or alloys
are an ever present danger, not only to the flame spray operator, but to
all other people in the immediate vicinity. Special precautions to guard
against poisoning must be taken unless a material is known to have no
toxic effect. Fortunately, with most materials, the normal exhaust sys-
tems recommended for flame spray work are sufficient to protect an oper-
ator and the area around him. Pyrophoric materials in powder form—
titanium and zircomium for instance—can only be handled and sprayed
under complete atmosphere control.

Each one of the flame spray techniques in common use today appears
to have its own field of particular usefulness, and no one appears capable
of completely replacing another. Wire spray equipment is capable of
spraying practically any material which can be formed into wire and,
in addition, will spray almost any ceramic with a melting point less than
around 5000°F. in rod form. The conventional air-feed powder spray
equipment will spray most metal powders including the self-fluxing hard-
facing materials, and is particularly useful in spraying those materials
with melting points less than around 3000°F. Airless powder spray equip-
ment is most useful in spraying the self-fluxing alloys and practically any
other metal or ceramic with a melting point up to about 5000°F. Practic-
ally any material in powder form, up to and including some carbides which
melt at over 7000°F. can be sprayed using the plasma flame technique.
It is most useful, however, for spraying the higher melting point refractory
materials and materials such as copper and aluminum where ultra high
density and purity are required.

Research of new materials, spray techniques, and equipment offers
promise of major improvements in the kind and quality of flame sprayed
coatings within the next few years. There is hope of extending their
range of usefulness into the higher temperature ranges in use in industry,
and improving corrosion and oxidation resistance of the materials them-
selves and the substrate structures on which they are deposited.
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THE ELIMINATION OF EXPANSION BELLOWS AND
SPIRALS BY USE OF COMPRESSION STRAIN
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I am very happy to be given the opportunity to have this paper read
at a Symposium of experts, who will be able to judge the potential use of
its content and I will be very pleased to have their comments.

Having followed the rapid growth of the A.S.G.S. from a distance,
I envy members the opportunities provided by this organization and the
associated American industries; however, I can join you in spirit.

As the title indicates, this paper is concerned with one successful
attempt in a field which I consider has been either very much neglected
or else has been thought not worth pursuing—I refer to the question of
“compression strain and its consequent use in the field of glass-instru-
mental technique”.

At the turn of the century, Otto Schott employed to advantage “com-
pression strain” with his Verbund or “Robax” glass, (manufacturing has
been discontinued) although even today the potential use of this strain
may not be fully appreciated.

As you know, the motor-car industry is quite concerned with the
application of compression strain in considerations relating to car-
windows, and this has proved a happy ground for controversy among
those who may prefer cement laminated windows and those who prefer
to use compression strain in a homogeneous glass-window.

The principle involved in a sealed laminated glass tubing is that we
have two layers of glass—one layer having sealed on its inside a thin
layer of glass of lower expansion, so that the tube overall is after cooling
in a state of compressional strain. Fig. 1. There is, of course, a danger
of introducing a tension along the léngth of the tubing. To overcome this
danger—only a very limited difference in expansion (approximately 5% )
is permissible.

The application of this principle will now be considered.

Compression strain is sometimes used in the manufacture of glass-
metal seals either purposely, for instance in the tempering of a hot pressed
button by jets of cold air in the process of Electronic Valve Making, or
fortuitously as it is used when tungsten (expansion coefficient o 43.6 X
10-7) is sealed into silica tubing (expansion coefficient o 5 X 10-7), by
the use of one or two glasses of intermediate expansion. Then effects of
the difference in expansion are avoided by the introduction of the maxi-
mum stress in the axial direction as a compression strain, and the conse-
quent high radial tension, thus introduced, does not cause a freeing of the
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metal from the glass if the seal is made properly without the formation
of a layer of tungsten oxide.

We will now consider the theme of this paper.

The construction of expansion bellows is frequently discussed in text-
books and papers. The use of such bellows arises when glass tubes, sealed
together at both ends, (one inside the other) are exposed to high tem-
perature differences—for example in distillation columns—and the con-
struction of such expansion bellows, without a lathe, can be a very diffi-
cult undertaking.

However, by using two glasses of different expansion, one can partly
overcome the effects of temperature differences—the strength of the seals
being considerably enhanced by the concurrent introduction of compres-
sion strain. Under normal circumstances, the inner tube is exposed to the
higher temperature while the jacket remains at room temperature, and
an empirical calculation indicates that the difference in expansion coeffi-
cient between the inner and outer tubes would be approximately .32 X
10-7 to .40 X 10-7. If the difference is much higher, the stress which
arises longitudinally would need compensation, whether or not the
apparatus is in use. Fig. 2.

Before commencing this investigation, I found, in searching the
literature, that the prospects for sealing two glasses for the desired effect
were not encouraging.

A. Krings, in a lecture to the “Deutsche Glastechn. Gesellschaft”
13th April 1961, stated that very few papers related to the sealing of
different glasses have been written, and his only relevant reference was
the statement of C. D. Redson (J. Soc. Glass Technol. 39 1955 P.N3—
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10) in connection with radio valves—that ““the bulb must be of a optimum
expansion to match the stem”. Also D. H. Lober (“Glashutten Handbuch”
T 3—2 Verarbeitung vor der Lampe) stated that “if one glass should be
sealed into another, the maximal allowable difference in expansion must
be only 5%,”. [But we have found that Dr. Lober’s statement is only valid
in the case of glasses under tension, i.e. when the jacket has the lower
expansion. ]

Although these reports were not encouraging, we continued our
experiments and found that we could obtain a strong seal from English
borosilicate glass («.32 X 10-7 sealed inside Australian borosilicate glass
(approx. «.40 X 10-7). In contrast, seals of English borosilicate, inside
G-20 (.47 X 10-7), only remained intact at one end—obviously indicat-
ing that the difference in expansion between English borosilicate and G-20
is too great to be used freely to obtain seals at both ends. Figure 2.

The highlight of our experiments was the moderately successful
sealing of silica tubing into English borosilicate. Four silica tubes, approxi-
mately 12 mm. in diameter, were sealed into borosilicate tubing 25 mm.,—
the only difference between them being in the shape of the sealing funnel
employed. They were not heat-treated ‘i.e. annealed”. Two tubes, Fig. 3,
cracked after 22 days and 24 days compared with the other tubes, Fig. 4,
which lasted only 15 and 16 days. However, silica tubing sealed inside
borosilicate glass according to Fig. 3, and subsequently annealed, cracked
only after 16 months. In further work, we employed only the seal of Fig. 3.
The interesting feature is, that the seal itself never cracked, but the enor-
mous compression apparently caused tension at (A) (Fig. 5) of magni-
tude sufficient to shear the tubes cleanly, as though cut by a knife.

— T T
Figure 4

A T

TWT

jNt L

Figure 3 Figure 5
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Encouraged by these results, we constructed a Liebig condenser, with
the internal tube of English borosilicate glass 18 mm. diameter, the jacket
of Australian borosilicate glass 35 mm. diameter, 40 cm. long, with no
annealing being carried out. This condenser was then tested with the
following liquids, refluxing at asmospheric pressure.

Liquids Temp. Time (Hrs.)
Xylene 140° 6
Cyclohexanol 161° 4
Dichlorobenzene 179° 4
Acetophenone 200° 4
Nitrobenzene 210° Ye

During these tests, the water jacket was emptied and later refilled; no
failure in the seals occurred.

The condenser, as constructed, also passed the following tests satis-
factorily:
(i) The inner tube was filled with liquid air (-170°C.) and boiling
water immediately poured over the jacket.
(ii) The inner tube was cooled to -170°C., and then boiling water
was poured down it.

Another condenser, with inner tube 16.5 mm. diameter and outer
jacket 1.40 m. long and diameter 40 mm., was similarly tested and proved
adequate in all respects.

A fractionating column of dimensions similar to those used in the sec-
ond condenser, but with an evacuated jacket, was successfully used for
liquids with boiling point up to 210°C. Liquids with higher boiling points
than this were not tried. In all these constructions annealing was omitted.

Rather than making complicated calculations of strength—allow me
to quote two small paragraphs out of an article by Charles De Woody——
“Fusion” Vol. VI November 1959 P. 25 —31.

“EXPANSION BELLOWS”

“Glass has no region of plasticity between elastic limit and fracture,
where deformation takes place continuously. Hookes law holds up to the
breaking point, that is to say, the ratio of the applied stress (F/A) to the
deformation (strain/unit length) is a constant. In actual practice, how-
ever, extraneous factors outweigh theoretical considerations in ‘guestimat-
ing’ the strength of glass.”

“Simply to show how absurd we can get, we can quote a few figures
‘The maximum strength of glass calculated from molecular cohesive forces
would be about 3 million 1b./in.2. The maximum strength of borosilicate
glass, determined experimentally, is so much smaller than the theoretical
value that it is necessary to account for this discrepancy. Considerable
amount of work has been done in attempts to establish both the nature
and magnitude of cohesive loss. Unaccountable inaccuracies of as much
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as = 309, were encountered in carefully controlled experiments so that
the strengths previously mentioned could be 13,000 or 7,000 Ib./in.2.”

To satisfy the skeptic, I would like to add that several hundred sealed-
in condensers, and other equipment used for teaching purposes, have been
constructed upon the principle employed here—using glasses of different
expansion. Prior to this innovation, there was a very high breakage rate
observed but this has now been reduced to a very low level.
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solder glass, the rate of crystal growth with temperature can be compared.
From the chart it can be seen that the rate of crystal growth at 470° Centi-
grade is about twice that at 450° Centrigrade, for identical curing times.

Time has also been found to influence devitrification. (Figure 5.)
The glassy range decreases and the devitrification range increases as the
curing time is increased.

When devitrification starts, the volume of crystalline phase to glassy
phase is small. As it continues, more of the total volume becomes crystal-
line at the expense of the glassy phase, so that at the completion of the
curing cycle, the majority of the solder glass is crystalline, being bound
together with thin glassy matrices.

Consideration should be given to both the use and the properties
desired in the selection of the proper type solder glass. In the accompany-
ing table (Figure 6), some of the more dominant characteristics of both the
vitreous and devitrifying types are compared.
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VITREOUS SOLDER GLASS

DEVITRIFYING SOLDER GLASS

METHOD OF APPLICATION HOT DIP COLD PASTE COLD PASTE
CURING CYCLE SHORT LONG LONG
SEAL STRENGTH HIGHER LOWER HIGHER
ELECTRICAL RESISTIVITY HIGHER LOWER
DIELECTRIC CONSTANT LOWER HIGHER
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PARTS

PARTS EASILY SEPARATED BY
REMELTING

PARTS SEPARATED BY CHEMICAL
REMOVAL OF SOLDER GLASS

Figure &6

Comparison of Vitreous and Devitrifying Solder Glasses
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In some applications in which only one property, such as thermal
expansion, might be a factor, either a vitreous or a devitrifying type may
be used with equal effectiveness.

Solder glasses are available in a range of thermal expansions in both
the vitreous and devitrifying types. (Figure 7). The accompanying table
(Figure 7), shows some of the solder glasses with their properties offered
by Owens-Illinois Glass Company.

It is necessary that the solder glass match the thermal expansion of
the base material to which it is applied. Mismatches of five to ten ex-
pansion points can be tolerated in some cases, but these limits should not
be exceeded. Any mismatch will cause stresses to be developed in both the
solder glass and the base material which could cause failures in cooling or
during use of the assembly. It has been found in practice that slightly more
mismatch can be tolerated when the solder glass layer is kept thin, than
if it is thicker. Figure 8 shows expansion curves for some solder glasses
compared with some of the common glasses.

The expansion of devitrifying solder glasses is influenced by the time
it is held at a given temperature. A longer curing time at a certain tem-

Cur.
Solder Temp. Thermal
Glass for Expansion
Number Type 1Hr. x 107 /°C. Seals to: (Materials)
SG-7 Vitreous 590°C! 46 (0-300°C) Kovar metal.
EN-1, K-650, N-51-A glasses.
SG-67 « 430°C! 82 (0-300°C) TM-5, KG-12, KG-1, R-6 glasses.
SG-68 “ 430°C! 90 (0-300°C) TL-2, TM-3, TH-10
CV-97 Devit. 440°C 93.5(0-300°C)  Sylvania No. 4 alloy metal
TM-5, KG-12, KG-1, R-6 glasses.
CV-101 “ 425°C 92 (0-300°C)  Sylvania No. 4 alloy metal
TM-5, KG-12 glasses.
CV-130 ¢ 425°C 107 (0-300°C)  No. 430 alloy metal
TL-2, TM-3, TH-10 glasses.
CV-137 « 435°C 97 (0-300°C) Sylvania No. 4 alloy metal
TM-5, KG-12, KG-1, R-6 glasses.
CV-285 “ 625°C 55 (0-3002C) Alumina and beryllia ceramics.
CV-635 “ 685°C 36 (0-300°C) EE-2 glass.
CC-10 425°C 101 (0-300°C) TL-2, TM-3, TH-10 glasses.
'Underload

*Devit.—Electrically Conductive

Figure 7

Solder Glass Information Data
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Thermal Expansion of Solder Glasses

perature usually produces a lower expansion than a shorter cycle at the
same temperature. This change in expansion shows up as stress developed
in the material to which the solder glass is sealed. Figure 9 demonstrates
what happens to CC-10 conductive solder glass cured at time cycles of
fifteen minutes, thirty minutes, forty-five minutes and sixty minutes. The
desirable working range in this instance is actually in an area where the
base glass was in compression. For CC-10 solder glass, firing for short
periods such as for fifteen minutes, or at low temperatures such as 400°
Centrigrade, produces seals of questionable vacuum tightness. Firing for
longer periods, such as sixty minutes or more, or at temperatures of 450°
Centrigrade or above, produces a product having decreased electrical con-
ductivity. Figure 10 shows a boat test made on CC-10 solder glass with
the conductive range indicated.

The standard vehicle usually supplied for solder glass applications is
a mixture of 149, nitrocellulose in amyl acetate. This is mixed with the
solder glass powder to form a paste which can then be applied by spatula
or extrusion method to the part. Drying can be done in room air in approx-






imately fifteen minutes, or the time can be decreased through infra red
heating. This produces a product which has sufficient green strength and
adhesion to the part to allow moderate handling and storage. One serious
disadvantage of this vehicle is its high rate of evaporation. Good ventila-
tion should be provided in the area in which it is used for health reasons.
Because of the rapid evaporation rate, the paste must be applied almost
immediately after mixing, limiting the methods of application to a spatula
or extrusion from a tube. In many instances, other application methods
such as by cold dipping, doctor blade, brush, roller coating, spraying, or
by silk screen, may be preferred.

Residue
Drying After Recommended Application
Vehicle Rate Curing Method
119, nitrocellulose
in amyl acetate Fast No  Spatula, extrusion, spray
89 butyl methacrylate
in butyl carbitol Slow No  Spatula, brush, roller coat,
cold dip, doctor blade
Vitrol oil 30B Very Slow  Yes Silk screen, cold dipping
Harshaw P-529 oil Very Slow No  Silk screen, cold dipping
Mixture: (by weight) Slow No Spray, roller coat, brush,
47.9%, distilled doctor blade, cold dip,
e water spatula
4799, isopropyl
alcohol
0.2% 10%, magnesium
sulphate
solution
4.0%, ethylene
glycol
Figure 11

Solder Glass Vehicle Study

Several other vehicles were studied in an attempt to reduce the evap-
oration rate. Figure 11 shows five vehicles which were studied, indicating
the drying rates, the residues left after curing, and the recommended appli-
cation methods for solder glass mixtures made using these vehicles.

SUMMARY

Although solder glasses were originally developed to serve as a sealing
material for glasses, ceramics and metals and combinations thereof, other
uses are continuously being discovered. Mixtures of solder glass with
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metal, glass or ceramic powders can be made which have unique proper-
ties. It has been found that when silver, iron, tin, zinc or graphite powder
is added to solder glass, electrically conductive products of varying resis-
tivities result. Resistivity of a mixture is controlled by the amount of
metal powder added. The addition of iron produces a solder glass with
magnetic properties for instance.

In addition to being used in paste and paint forms, vitreous type
solder glasses can be melted and formed into shapes by pressing, drawing,
or blowing, using standard glass working techniques. Composites and pre-
forms can be made, employing powder metallurgy techniques, using solder
glass as the material or in a mixture with other materials. In the electronics
industry, solder glasses are being tried in critical encapsulation and seal-
ing applications.

Solder glass is a new material having certain behavior characteristics
and use limitations. Like all other new materials, its future will depend
largely upon the imagination of those who use it.

REFERENCES
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SEALING OF GLASS TO SINGLE CRYSTAL
AND POLYCRYSTALLINE MATERIALS

Francis W. MARTIN
Technical Staffs Division
Corning Glass Works
Corning, New York

I. INTRODUCTION

A number of factors must be considered when undertaking the seal-
ing of single crystal materials to glass.

Since both are rigid materials it is essential that the expansion be
matched over the interval between room temperature and the tempera-
ture where the glass becomes rigid (setting-up point). The crystalline
material should preferably be isotropic in its expansion and should have
no phase transformations in the temperature interval where it is effec-
tively joined to glass.

In making the seal one must maintain a reasonably low temperature
gradient in the crystal so as to avoid thermal breakage. Glasses yield
viscously at temperatures above their strain point and so are subject to
heat shock breakage only at lower temperatures. Crystalline materials, on
the other hand, are subject to heat shock breakage at all temperatures.

The most common form of seal involving a single crystal material is
that of a flat disc or window in a glass apparatus. The glass apparatus
may be made of a suitably matching glass or else the window may be
sealed to an equal diameter graded seal, the other end of which is joined
to the apparatus glass; for example, Corning’s Code 7740 glass.

Even where the window is joined to an extensive apparatus of match-
ing glass, evacuation usually requires a graded seal to Code 7740.

Likewise the introduction of conducting leads requires grades to
glasses appropriate for lead sealing such as Codes 7720 or 3320 for tung-
sten, and Codes 7052 or 7056 for Kovar or molybdenum.

In making a seal to a single crystal material there are two basic
methods. The single crystal material can be sealed to glass directly or
sealed through a thin layer of a much softer glass (solder glass method).

II. SEALING SINGLE CRYSTAL SAPPHIRE TO GLASS

Interest in the use of synthetic single crystal sapphire (alumina) for
windows stems largely from its infrared transmitting properties. There are,
however, some applications where the excellent heat conductivity is the
feature sought. The window usually is in the form of a flat disc although
dome-shaped structures are also used.

Infrared cells generally resemble a thermos bottle in construction.
The infrared sensitive film is deposited on the inner member opposite to
the window. The inner tube is refrigerated by means of a liquid medium
or a metallic cold finger (see Fig. 1). In some cases the sensitive layer
is deposited on a second sapphire window sealed to the end of the inner
arm. The excellent heat conductivity of sapphire at low temperature aids
in maintaining the sensing surface at a uniform low temperature.
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Of quite different geometry is an apparatus described by Nelson and
Spindler!. Here a cylindrical tube is ground out of a large boule of sap-
phire. The problem was to join both ends to glass tubing so that electrical
leads could be introduced and a surrounding glass envelope joined thereto.
The apparatus was used in flash photolysis studies.

A. EXPANSION MATCH

For joining sapphire to glass a good expansion match is quite essen-
tial. Alumina has an elastic modulus much higher than glass; therefore,
the stress in the glass will be higher for a given mismatch than in a glass-
glass seal. Usually there is a certain amount of expansion anistropy in
the plane of the disc so some compromise is necessary.

- The expansion curve for sapphire has a minimum value for directions
perpendicular to the optic axis. The maximum expansion is in the direction
of the optic axis.
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The expansion in any direction making an angle 4 to the optic axis is:
K = Ka + (KB — KA) cos2§ (1)

where Ka is the expansion perpendicular to the optic axis
KB is the expansion parallel to the optic axis.

For any disc whose plane is not perpendicular to the optic axis, there
will be one direction in the plane of the disc which is perpendicular to
the optic axis. In this direction the expansion will be a minimum (Ka).
At right angles to this direction the expansion will be a maximum. The
expansion can be as high as KB. For the special case of a disc cut perpen-
dicular to the optic axis the expansion is Ka in all directions. This is the
most desirable situation.

In the hydrothermal method of growing crystals the growth axis
(long dimension of boule) is about 37° from the optic axis.

A straight cut across the boule would produce a disc with maximum
and minimum expansion as follows:
K,.=Ka (2)
= KA + (KB — KA) cos?53°
= .637 Ka + .363 KB

Where discs are cut parallel to the cleavage of a split boule the situa-
tion is less favorable
K

max

= Ka 3)
= KA + (KB — KA) co0s237°
= .363 KA + .637 KB

Finally, it might be noted that the average expansion of sapphire
(one-third the volume expansion) is:

K = % Ka + $KB (4)

This is the theoretical expansion for a 1009, polycrystalline body. Actual
alumina bodies might be slightly different due to other crystalline phases,
solid solution and residual glassy phases.

In Fig. 2 the maximum and minimum expansions (Ka, KB) of single
crystal alumina are given for the temperature range 350°-650°C. The
curves all meet at room temperature which is out of the figure. Poly-
crystalline alumina plots as a single curve very near to the theortical
position (one-third of the interval from the bottom curve).

The glass which has proved to be most suitable for direct sealing of
sapphire is Code 7520. Its expansion curve is also given in Fig. 2. The
annealing and strain points are indicated.

Some people have had success in sealing small windows with Code
7052. The mismatch is quite large but in a favorable direction since the
hoop stress in the glass is compressive. The tensile bending stress at the
outer surface of the glass may be masked somewhat by compressive
stresses resulting from a rapid cooling of the seal.

As indicated in Fig. 2, Code 7280 is a fairly good match to sapphire.

When sealing is accomplished by means of a softer glass (Code 1826)
the set point is at a lower temperature and Code 7280 shows a more favor-

min

max
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able match than Code 7520. The expansion curve for Code 1826 is also
given in Fig. 2.

B. GrapeEDp SEALS TO CODE 7740 GLASS

As noted above, there is usually a requirement for grading to Code
7740 glass if only for evacuation purposes. In addition, it is sometimes
necessary to grade to a glass appropriate for introducing Kovar, molyb-
denum or tungsten leads.

There are several methods of grading to Code 7740 glass. Since
Code 7520 is glass #3 in a standard graded seal package sold by Corning
Glass Works, it can be joined by the two intermediate glasses (#1 and
#2).

For larger diameter seals it might be desirable to use more grade steps.
A useful sequence is:
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Code 7520, Code 7052, Code 7050 or Code 7750, Code 7070, Code
7740.

Another sequence that involves harder glasses and which is particu-
larly desirable in grading from Code 7280 is:

Code 7280 or 7520, Code 7800, Code 3320, Code 7740.

Kovar sealing glasses can be sealed directly to Code 7520. Molyb-
denum can also be sealed through Kovar sealing glasses. For tungsten
seals, Code 7750 can be joined via Code 7052. Code 3320 can also be used
via Code 7800.

C. TECHNIQUES FOR SEALING

1. Direct Sealing

Several methods have been described for the direct sealing of sap-
phire windows to glass.2 There are undoubtedly other methods and varia-
tions that have been used.

The key feature in all methods is to heat uniformly through the face
of the disc. This can be done by placing the disc on a carbon susceptor
which is heated by induction.

The hot carbon stage is usually protected from drafts by a surround-
ing tube which might be made of fused quartz or 969, silica glass. The
tubing to be joined is lowered from above onto the hot disc. The end of the
tubing to be sealed may be preheated by a gas-oxygen flame before lower-
ing to sealing position. A typical setup is illustrated in Fig. 3.

TUBE TO BE JOINED

OR 96% SILICA

GLASS\

FUSED SILICA -V -Y/ SAPPHIRE DISK TO BE SEALED

[ ]
E>—INDUCT|ON HEATING COILS

\\CARBON SLAB

\lNSULATING SUPPORT
APPARATUS FOR DIRECT SEALING
Figure 3
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2. “Solder Glass” Sealing

An intermediate layer of softer glass could be used in the method just
described but would not provide much advantage. The solder glass method
is usually confined to situations where the direct seal is not convenient.
Examples are: sealing of large windows and the sealing of windows to
short side arms.

SAPPHIRE WINDOW\ \AUXILIARY HEATER

GLASS PART.

LLLL L Ai/////

TILIIIIIZ

>, \,

FURNACE WINDINGS” "“\INSULATION

FURNACE FOR SOLDER GLASS SEALING
Figure 4

In Fig. 4 one method for sealing a sapphire disc is illustrated. This
uses a furnace which has an auxiliary winding that heats the sapphire disc
to a higher temperature appropriate for joining. The furnace is maintained
at the highest temperature that will not result in distortion of the glass
apparatus. The sealing area is given enough additional heat to produce a
seal. The annealing range of Code 7280 is high enough to permit sealing
in a simple furnace without applying additional heat to the seal area.

In order to get a good seal to the sapphire it is desirable to preglaze
the disc. The Code 1826 can be applied as a slurry of powdered glass in
a vehicle such as 1149, nitrocellulose in amyl acetate. After drying,
excess powdered glass can be removed where necessary and the disc heated
in a furnace. Since there is no temperature limitation in this step, pre-
glazing can be done at temperatures at high as 1000°C.

For sealing, additional solder glass is applied to the glass end of the
joint. This is allowed to dry before the glazed disc is put into position.
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In some cases it is convenient to apply a little wet slurry around the
joined parts to maintain position. The added material should, of course,
be allowed to dry before sealing.

In sealing, the furnace is first brought up to temperature, then the
auxiliary winding is turned on until the seal is completed. Heating and
cooling rates are not critical. However, it is usually desirable to hold the
temperature at the annealing point of the envelope glass for a short
period during the cooling cycle. The actual temperature at the seal is in
the range 650-750°C.

A disadvantage of the above method is that, unless the furnace is
equipped with windows, one must work blindly and proceed by trial and
error until an appropriate sealing cycle is found. An extra thermocouple
to measure temperature in the seal area is very useful.

FUSED SILICA OR 96 %
SILICA GLASS

SAPPHIRE WINDOW

GLASS PART

°|

LIFT TOP FURNACE/ SUPPORT

FURNACE FOR SOLDER GLASS SEALING
Figure 5

A simpler sealing method which has been found to work quite well
is illustrated in Fig. 5. Here the parts are assembled in a lift-top furnace
with a sheet of fused quartz or Code 7900 glass on top of the sapphire
disc. The furnace is heated and held at a temperature above the annealing
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point of the glass. The furnace top can then be lifted and the seal made
by heating through the transparent cover with a gas-oxygen torch. After
sealing the lid is closed, the furnace is allowed to equilibriate for an ap-
propriate time and then turned off.

III. OTHER CRYSTALLINE AND POLYCRYSTALLINE
MATERIALS

There are other crystalline and polycrystalline materials that can be
sealed to glass using the above methods. The first step is to find an appro-
priate glass. This can best be done by comparing the complete expansion
curves. If only average coefficients (0-300°C.) are available, the glass
should have an expansion some 159, lower than the crystalline material.
In this case it is assumed that the crystalline material is relatively linear
in expansion and that the glass expansion is for the linear range below
the transformation range.

A. ALUMINA

Polycrystalline materials can be joined to the same glasses noted
above for sapphire The usual requirement in this case is to make a glass
extension to a ceramic tube.

The usual alumina bodies (85-929, Al,O,) can be joined to glass by
conventional glass working methods. Higher alumina bodies are quite
prone to thermal shock breakage.

Solder glass sealing in a furnace, using Code 1828, is possible but not
convenient if the ceramic tube is long. We have been able to seal with
Code 1826 in a lathe setup where a surrounding, electrically heated coil
is used instead of a flame. This is illustrated in Fig. 6. The coil has a
ceramic coating to reduce outward radiation and a hole in the center to
allow observation of the joint. Additional solder glass can be applied by
a rod through the hole.

B. BERYLLIA

Beryllium oxide has very much the same expansion as alumina so
the same glasses and techniques can be used.

C. MAGNESIA

There is some interest in sealing windows of single crystal MgO
(Periclase). The material is cubic and thus isotropic in expansion. A
proper glass would be somewhat higher than lime or lead glasses such as
Code 0080 or Code 0120 whose thermal expansivities are about 90 x
10-7/°C.

Code 0128 glass, which is used in color TV necks, should be an ap-
propriate glass. It can be joined to Code 0120 glass. Solder glass sealing
with Pyroceram® brand cement #95 is a good possibility.

D. ELECTRICAL PORCELAIN

Electrical porcelains are fairly low in expansion and have a rather
high glassy phase content. It is usually quite easy to join them to a boro-
silicate glass such as Code 7740 or Code 7720.
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E. MULLITE

Mullite polycrystalline bodies match Code 7720 or Code 3320 quite
well in expansion. Small diameter tubes can be joined to Code 7740.

Some mullite bodies have little glassy phase and are, therefore, sensi-
tive to heat shock. Solder glass sealing to Code 1720 with Pyroceram®
brand cement #45 is possible. Short sections of Code 3320 or 7720 can
also be joined in this way but with some distortion.

F. SiLicon

Silicon windows are used to some extent in infrared work. The ma-
terial is cubic and thus isotropic. From stress observation on seals it
appears to be about midway between Code 7720 and Code 7740 glasses
and can be sealed to either. No difficulty is encountered in flame sealing.
Evidently this material, unlike sapphire, has some ductility.

G. GERMANIUM

Germanium behaves much like silicon but has a higher expansion. A
seal using Code 1826 as a solder glass has been reported.3
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Fig. 7 gives the expansion curve for silicon and germanium together
with glasses that might be considered for joining.
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GLASS TECHNOLOGY APPLIED TO
INFRARED DETECTOR HOUSINGS

CarL R. SNYDER

Special Products Operation
Philco Corporation

Lansdale Tube Division
Lansdale, Pa.

I. INTRODUCTION

Glass, as a structural material for infrared detector housings, has
proven itself invaluable to the field of infrared detection. However, the
use of glass as the preferred material for housing the detecting elements
has introduced new demands on the glassblower and to the field of glass
technology. The nature of these demands is seen in a few primary consider-
ations.

Infrared detectors for the most part require a vacuum environment, and
to obtain the increased sensitivity available through operation at liquid
nitrogen temperatures, a dewar type housing is required.

The detecting element must be able to “see” the infrared rays; conse-
quently, the window material must pass the infrared wavelengths. The
window material and the glass housing must be compatible enough to
enable a vacuum tight seal between them and should hold up over a wide
range in temperature.

Necessary electrical connections to the detecting element must exit
through the glass, maintaining high vacuum tight seals.

Loose conductors cause microphonics and cannot be tolerated; there-
fore, conductors must be an integral rigid part of the housing.

Optical specifications often require tight tolerances on the spacing of
the detecting element and the transmitting window. Therefore, special
fixturing and sealing techniques are required.

The foregoing considerations indicate the importance of choice of
glasses for detector housings, the selection of glass-to-metal combinations,
and proper sealing techniques. Only through correct choice of materials
and the use of appropriate sealing techniques is it possible to fabricate
housings that complement the performance and reliability of the IR
detecting elements they contain. The sealing techniques described in this
paper are categorized as (1) Window Sealing, (2) Sealing of Electrical
Connections, and (3) Precision Sealing.

II. WINDOW SEALING

I shall first describe a sealing technique for synthetic sapphire
(AL0,), since it is probably the most widely used window material. This
technique is suggested by British sources!-2 and employs an R.F. induction
heating unit. )

The glass used is Corning’s 7520. Its coefficient of thermal expansion,
60 x 10-7, closely matches that of sapphire, 65 x 10-7. The 7520 glass can
be sealed directly to 7052, permitting subsequent sealing to Kovar.
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B. Sealing setup.

The sealing technique employs a drill press and an R.F. induction
heating unit, although more sophisticated fixturing than a drill press can
be used, depending on the needs. Figure 1 shows the sapphire-to-glass seal

and sealing setup.

The 7520 glass tubing is cut to the desired length. The end to be
sealed to the sapphire window is etched in HF and firepolished. The sap-
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7520 GLASS WASHER

A. Barrel-shaped sapphire seal.
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Figure 2

B. Sealing setup.
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Silicon, another infrared transmitting window material, is an excellent
match to Corning’s 7740 glass. However, since it is necessary to end up
with 7052 glass to later effect a seal to Kovar, a standard grade of 7740,
3320, and 7052 is made up as shown in Figure 3 prior to sealing of the
window. The sealing procedure and setup is identical to the sapphire
sealing technique.

Barium fluoride (BaF,), a third material with excellent infrared
transmission, is desirable as a window material for certain infrared de-
tectors. However, because of its high coefficient of thermal expansion
(185 x 10-7) and its extreme sensitivity to thermal gradients, standard
sealing techniques are not practical. A method employed by the author
utilizes silver chloride (AgCl) as the sealing medium3. The plasticity of
AgCl allows for the wide differences in thermal expansion between the
BaF, and the sealing glass.

As noted in Figure 4, the periphery of the BaF, window and the
necked-down section of the 7052 glass tube are painted with silver paint.
Adhesion of the silver paint is obtained by firing in a furnace at 500°C.
A program controller is used to cycle the temperature to prevent cracking
of the BaF,. The furnace is raised (starting from room temperature) to

BARIUM FLOURIDE (B.f2)

f‘é SILVER PAINT

QMWE\ SILVER CHLORIDE (AgCl)

@ SILVER MOUNT (Ag)

SILVER

< CHLORIDE

7052 GLASS

Figure 4
Barium fluoride seal.
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its thermal expansion is close to that of 7052 glass, and is precision ma-
chined to a close fit. The mandrel is precoated with a thin Glydag* solu-
tion (graphite suspended in glycerine) to prevent fusing of the glass to
the Kovar mandrel while sealing the platinum wires to the housing.

After the necessary number of platinum wires are sealed, the housing
is slid off the mandrel and placed in a furnace preheated to the annealing
temperature of 7052 glass (480°C). Figure 8 shows sealing of the platinum
to the housing.

The exposed ends of the platinum wire can be spotwelded and/or

soldered to the Kovar leadthrus, after cleaning per Carborundum Co.’s
chemical cleaning specification, “file reference 100 EB4.”

*Glydag is a product of Acheson Colloids Company, Port Huron, Michigan.
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IV. PRECISION SEALING

When the IR detector is mounted and processing completed, one of
two methods of final sealing of the dewar inner and outer sections is used.
Flame sealing was used in the early stages of development but was aban-
doned because it was found to be a source of contamination to the detect-
ing element and required exceptional skill to maintain the close tolerances
required. Housings with Kovar flanges sealed to the ends are heliarc
welded with a setup of the type shown in Figure 9. The second method,
employing the setup shown in Figure 10, uses R.F. induction heating and
makes possible extremely tight tolerances on concentricity and optics.

The inner section of the housing is fixed in a vertical position on a
close fitting ceramic (lava) mandrel. A pre-oxidized Kovar washer slightly
larger than the O.D. of the housing and with a cross-section slightly ex-
ceeding the wall thickness of the glass is placed on the sealing edge of the

o= g
Aagsssisad A __KOVAR
R.E INDUCTION" h el WASHER
GO gt
7\ g
CERAMIC
MANDREL

Figure 10
R.F. induction sealing.
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INFRARED FIBER OPTICAL MATERIALS

L. O. UptoN

American Optical Company
Southbridge, Massachusetts

SUMMARY

A brief description of early work done by research people on the
artificial synthesis of infrared optical materials was presented.

The author showed and described a 20-minute colored motion picture
film on the distillation principle of glass-making as it applies to arsenic
trisulfide glass.

The experimental drawing of infrared transmitting fibers composed
of arsenic trisulfide core glass and a related arsenic sulfide cladding glass
was also described in a series of 35 mm. colored slides.

HISTORY OF ARTIFICIAL SYNTHESIS OF ARSENIC
TRISULFIDE GLASS

We are indebted to Professor Rudolf Frerichs of Northwestern Uni-
versity for his early investigations into the artificial synthesis of infrared
transmitting materials. In his experimental attempts to reproduce natural
crystals of orpiment (As,S,), he found that vitreous material, in other words,
glass, resulted from every trial he made. He did succeed, however, in produc-
ing material which showed fairly good transmittance in the infrared region
of the spectrum.

Later intensive research at the laboratories of American Optical
Company resulted in a somewhat purer product but of unpredictable opti-
cal properties. Wide variations in visible color ranging from complete
opacity to light orange and ruby red were common. Serious problems of
homogeneity were indicated by the presence of heavy striae and cords as
well as black, opaque inclusions.

No real progress was made until we discovered that during melting,
the material seemed to distill and condense on the walls of its borosilicate
glass melting container. Samples of the condensate were collected, ex-
amined and optically measured. In small quantity, the transparency of
the distilled material appeared to be high and its transmission in the infra-
red proved to be better than that of any previously-made glass.

Work on the proper design of melting equipment by means of which
stoichiometric proportions of arsenic and sulfur to produce As,S; could
be melted then distilled and condensed several times was completed after
many months of unproductive experimentation.

DISTILLING ARSENIC TRISULFIDE GLASS

Now if the operator will start his projector, I will attempt to de-
scribe what is going on in our short film, as it was not sound stripped
when it was made.

The film was made originally for laboratory record and study only,
therefore there is more attention paid to detail than need be for this type
of presentation.

100



The reactor consists of a fused quartz bottle of the opaque grade and
is capable of holding a 50-lb. mixture of arsenic and sulfur. The bottle
is externally heated in a furnace constructed of resistance heating ele-
ments. The elements are wired in three separate circuits so that heat may
be distributed as evenly as possible from top to bottom. The furnace shell
is a simple insulated steel can. Thermocouples placed at each of the three
element levels serve to feed electrical data to each of three controllers
which turn the power on and off through magnetic contactors and keep
the furnace at desired temperature.

The U-tube, or as we term it, the transfer tube is a resistance-wire-
wound opaque fused quartz tube with a tapered neck ground to fit the
constricted neck of the reactor bottle. It is surrounded by an insulated
shell and is temperature-controlled by its own instrument.

The condenser is a closed-end borosilicate tube inside of a resist-
ance furnace consisting of a steel tube within an insulated steel shell and
is also heat-controlled at each of three levels.

A granulated mixture of about 60 weight per cent of arsenic and 40
weight per cent of sulfur is poured into the unheated reactor bottle. A
sand seat is prepared to receive the borosilicate glass condenser tube
which is placed at the correct depth beside its thermocouple protection
sheath. In anticipation of a violent exothermic reaction between the arsenic
and sulfur batch ingredients, the transfer tube and condenser are covered
with an asbestos blanket. Because the entire operation must be carried out
beneath a fume hood, side shields are placed around the furnaces in order
to duct the heated air and toxic fumes up the stack.

Within several hours after turning the power on all units, the tem-
perature of the reactor has risen to about 400°C (750°F) and a small blue
flame becomes visible in its neck. As the power is increased, the tempera-
ture within the reactor rises and a chain-like reaction between arsenic and
sulfur particles causes a sudden violent energy release at 550°C (1020°F).
This persists for about 3 minutes, after which all becomes quiescent once
more as all the batch has reacted and formed molten arsenic trisulfide
glass. The protective asbestos blankets are now removed and the transfer
tube is fitted to the reactor neck and lowered by its other end into the
condenser. The temperature of the transfer tube is held at about 600°C
(1110°F) as the reactor temperature is gradually raised to 740°C
(1360°F). Raising the reactor temperature, of course, serves to raise the
vapor pressure of the arsenic trisulfide within the reactor sufficiently high
in order to drive all the arsenic trisulfide in vapor phase from the reactor
into the condenser through the transfer tube under its own pressure. Im-
purities such as occur particularly in commercial grade arsenic metal
(graphite, iron scale, mica, silica, etc.) are left behind in the reactor.
When it reaches room temperature again, these are removed by means
of a suction tube. Owing to the fact that the condenser temperature is
maintained at 550°C (1020°F), the arsenic trisulfide vapor quickly
condenses on the walls of the glass tube as well as in the cool end of the
transfer tube and forms a pool of purified molten glass. The transfer tube
is disassembled from the reactor and condenser after condensation is
completed in order to make room for insertion of a simply designed fused
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MOVEABLE COMPONENTS IN HIGH VACUUM SYSTEMS

d. L. A. FRENCH
Chemistry Department
University of Toronto

Toronto, Ontario, Canada

Studies of Gas Plasma characteristics in Solar Energy Converters
made it necessary to modify the experimental vessel in order to permit
controlled movement between components so that optimum Filament to
Cathode distances could be studied more economically than with a large
number of preset tubes. The mechanism described in this paper was used
successfully for the purpose for which it was intended. The principle
involved may have other applications in the field of High Vacuum Tech-
nique.

There are a number of methods by which limited degrees of freedom
may be attained within a vacuum system with widely varying latitudes
of control. The more common forms are illustrated in Fig. 1.
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Where slight leaks may be tolerated gaskets of neoprene or rubber
may be used, either as O-rings or in the form of Wilson seals. The de-
grees of freedom are limited to the longitudinal axis as the principal move-
ment, and rotation about its axis as its secondary movement.

Where grease may be tolerated longitudinal movement only may be
obtained by raising and lowering a probe by means of a light metal chain,
wire or in some circumstances plastic thread, which is wound upon the

Figure !
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extended end of a stopcock plug. If provision is made to mount this
assembly on to a ball and socket joint limited angular movement may
also be obtained.

In certain circumstances no rubber, grease or wax may be used with
a system. Under these conditions movement may be effected either by
using a corrugated tube, or employing external magnets. In the former
method a corrugated brass tube is sealed to the metal end of a Kovar or
copper Housekeeper seal with soft solder, the glass side being sealed to the
vessel wall. The extremity of the corrugated tube is closed by a soldered
metal plate through the center of which is soldered a metal rod which
reaches into the vessel on one side and extends externally to form a han-
dle on the other. The flexible corrugated tube permits a limited amount
of movement but is not suitable for rotational movement. Where magnets.
are used on an internal metal plug considerable variety of movement may
be obtained. Objects may be moved about the walls of the vessel, or vanes
may be turned on spindles. The major drawback is that considerable
friction exists between two objects in high vacuum. The writer has seen
systems which functioned perfectly in air, but which became jammed
when the pressure was reduced to less than 1 mm.

During the course of research work in the field of Solar Energy Con-
verters for the University of Chile, consideration was given to the need
to study optimum Filament to Cathode distances with relation to ioniza-
tion levels within the tubes. In order to avoid having to process a large
number of preset tubes with the consequent wastage of time and mate-
rials the possibility of working with a movable cathode plate was con-
sidered.

During the preliminary work simple diode type electrodes mounted
in a borosilicate glass tube 40 mm. in diameter and 110 mm. long were
used. Tungsten seals provided external contact, and nickel wires were
employed to support a thoriated tungsten filament coaxially mounted
within a tubular nickel cathode.

In order to avoid drastic changes in the working characteristics of
the tubes it was felt desirable to incorporate in a modified tube only those
materials which had been used in earlier studies. Furthermore, the test
conditions for the tubes ruled out greases, magnets, etc. which might be
used to cause movement. The conditions for testing required heating the
tubes in an oven over a temperature range of 120°C. to 200°C. In view
of this any mechanism would have to respond to remote impulses and
give reproducible predetermined amounts of movement.

The tubes contained excess quantities of cesium both for the per-
formance of the process, and to avoid depletion of the material below its
required concentration by absorption into the glass wall, a phenomenon
which is well known, but which does not appear to have been subjected
to any quantitative studies. The electrode assembly was light weight and
in order to avoid difficulties caused by the surface tension of the liquid
cesium when the tube is at working temperature the mechanism which
must perform the movement must possess a reasonable amount of force.

The ultimate design of the mechanism is shown in Fig. 2. Basically,
the principle is that of a metal rod acting against a lever. The system is
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Figure 2

widely used in elementary physics to illustrate linear coefficient of expan-
sion. The amount of force produced in this manner is considerable so that
counter pressure in the form of springs could be employed in order to
maintain positive control of the moveable components against the adverse
effects of the cesium and external vibrations.

The expansion component consists of a 2 mm. diameter nickel rod
120 mms in length mounted on a 2 mm. tungsten rod base seal and sur-
rounded by a silica tube selected to give an easy sliding fit. This tube
serves as a support for the nickel heating coil which is wound on to it
and adds rigidity to the nickel rod inside it. A glass rod 6 mm. in diam-
eter is located parallel to the silica tube with a separation of 10 mm. in
order to avoid excessive surface temperatures, the lower end of the rod
being sealed into the base of the tube. The upper end terminates 10 mm.
below the top of the thick nickel rod which should protrude 3 mm. beyond
its surrounding silica sleeve. At this point a tungsten rod is sealed into
the side wall of the glass rod and reaches across to the silica sleeve and
forms a bridge between the rod and sleeve so as to reduce movement be-
tween them. The joint between the sleeve and the tungsten support is a
nickel collar pressed around the silica and spot welded to the tungsten.
The nickel heater is made out of 28 BS wire and is 80 cms long being
wound so that it is distributed evenly along the length of the silica sleeve,
the top end being welded to the tungsten support and the bottom end to
the base electrode used to retain the nickel expansion rod. A nickel wire
22 BS connects the top of the heater to a base pin adjacent to the one
used as a support.
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In order to support the moveable components of the mechanism a
2 mm. diameter tungsten stub is sealed into the top of the glass support
rod, to this stub is welded a |J-shaped nickel component 2 mm. in diam-
eter with arms 15 mms long and 10 mms apart. The angle of attachment
is such that the upper ends are immediately above the expansion rod
within the silica sleeve, and are at right angles to the plane of the sleeve
and support rod.

A flat strip of nickel .5 mm. thick, 10 mm. long and 9.5 mm. wide is
mounted on a 1.5 mm. diameter smooth tungsten rod 12 mm. long so that
it pivots easily across its center. A small concave depression located 1 mm.
beyond the hinge bearing and centrally located in the hinge serves as a
bearing point for the top of the expansion rod, the end of which should
be spherical. The hinge is located so that it is horizontal to the expansion
rod and the tungsten bearing welded to the open extremities of the
U -support so that the top of the expansion rod is located in the concave
depression in the hinge. It is advisable to weld one side first and adjust
the component so that there is a minimum of transverse movement before
welding the second side.

An arm to act as a lever and to the extremity of which may be
attached a cathode plate or other device is welded on to the edge of the
hinge. In this case a nickel rod 1.5 mm. diameter and 25 mm. long was
used. At approximately 12 mm. from the fulcrum a hook is attached and
a light tungsten spring placed between it and a convenient anchor point
some 50 mms below it. This spring ensures that the hinge is firmly in
contact with the top of the expansion rod at all times.

The center to center distance between the fulcrum of the hinge and
contact point of the expansion arm on the one hand, and the length of
the object support arm on the other will determine the magnitude of move-
ment that may be achieved without excessive temperature being applied
to the expansion rod. Due to limitation imposed by the tube envelope the
contact to fulcrum distance was made as small as physically possible.

In practice the heater voltage was kept below 2.5 volts in order to
avoid conflict with the tube characteristics. By careful calibration it was
found possible to change filament to cathode distances in steps of .5 mms.
over a range of 8 mms. The basic principle involved is very simple, and
no doubt will have other applications. The mechanism may be constructed
from other materials than those required in the sophisticated tube under
discussion.

The main advantage lies in the possibility of maintaining remote
control of the mechanism, coupled with which the motivating force is
adequate to overcome frictional drags in high vacuum.

In conclusion the writer would like to acknowledge the assistance
rendered him by the A.S.G.S. in completing this paper in the limited time
available to him and to thank the University of Chile for providing funds
and materials to carry out this work.

109



QUALITY CONTROL TECHNIQUES IN
APPARATUS PRODUCTION

JOHN V. ARMSTRONG

Fischer & Porter Co.
Warminster, Pa.

The greatly increased precision demanded of manufactured parts has
been accomplished by the need for better methods to measure, specify, and
record it. Thus it was almost inevitable that Statistics, the so-called
science of measurement, would become one of the most valuable techniques
used in the Quality Control function.

Statistical Methods have had a long and rocky road to the general
acceptance that they now enjoy in industry. Opposition to them was due,
in part, to the natural resistance met during the introduction of any new
method.

In part, it was due to the shopmen’s fear of the mathematical symbols
which seemed to cloak industrial statistics with an air of mystery. In
part, it was due to the overabundance of technical statistics and the under-
abundance of practical administrative applications that characterized the
literature which reached industrial management. In part, it was due to the
simple fact that the formal education of many graduate engineers over-
looked concentration of this subject. Today, there is a growing wealth of
material on the practical aspects and theoretical details of industrial
statistics. The statistical terminology and mathematics have been re-
duced to simple arithmetic and algebra for general use. A surprisingly large
number of industrial employees have been trained in these methods.

The victory of statistical methods in industry really represented a
compromise between “pure” statistics and the practical realities of indus-
trial situations. Statistical methods, as actually practiced in Quality Con-
trol, do not represent an exact science. Their character is strongly in-
fluenced by Human Relations factors, technological conditions, and con-
siderations of cost.

A plant Quality Control Program may, for example, be faced with
the problem of choosing between two sampling tables. One table may be
quite precise statistically but may be difficult for shop people to compre-
hend. The other table may not be so precise statistically but may be much
easier to administer. It would be quite typical for the plant to select the
latter table.

Probably more important than these methods themselves has been
the impact upon industrial thinking of the philosophy they represent.
The “statistical point of view” resolves essentially into this: variation in
product quality must be constantly studied within batches of the product;
on processing equipment; between different lots of the same article; on cri-
tical quality characteristics and standards; in regard to pilot runs of a
newly designed article. This variation can be best studied by the analysis
of samples selected from the lots of products or from units produced by the
processing equipments.

This point of view, which emphasizes the study of variations, has had
a significant effect upon Quality Control activities wherein the actual
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statistical methods themselves are not used. The study of variation that
is recommended has begun to go beyond the bounds of Quality Control
itself into other administrative areas like time study, safety engineering,
and personnel administration.

Five (5) statistical tools have come to be used in the Quality Con-
trol jobs. They are as follows:
. Frequency distributions
. Control charts
. Sampling charts or tables
. Special methods
. Reliability prediction

Some understanding of these tools is useful for full technological
comprehension of Quality Control. We are limited in time, so we shall
discuss those that can be most useful to you.

One of the characteristics of modern manufacturing is that no two
pieces are ever exactly alike. The variations may be small—as in the
case of gage blocks, which have been guaranteed to two-millionths of an
inch. Whether large or small, variations exist in parts manufactured in
all production processes whether they be hand lathes, blanking presses,
annealing furnaces, or painting machines.

Some variations are so great that they are immediately shown by
modern measuring equipments. Other variations are so minute that suc-
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Figure 2

cessive readings on measuring equipment will reflect primarily the varia-
tion of the measuring equipments themselves rather than that of the parts.
Among the types of parts’ variations, there are three classifications
useful for analytical purposes. They are:
1. Variations within the part itself.
2. Variations among parts produced during the same period of time.
3. Variations among parts produced at different periods of time.

There are many factors that contribute to any or all of these varia-
tions. Among them are tool wear, bearings that loosen, machine vibra-
tions, faulty jigs and fixtures, poor raw material, careless or untrained
operators, and even weather changes.

Industry has long recognized the inevitability of these variations. It
includes, on drawings and specifications, tolerances which designate the
permissible deviation from the standard shape, thickness, color and size.

With all assignable causes of deviation removed from a process, let
us then look at a normal recorded FREQUENCY DISTRIBUTION
Fig. 1). Here we see the variation inherent in the process. This particular
distribution is considered normal. Here is a FREQUENCY DISTRIBU-
TION CHART on the same part recorded the following day (Fig. 2).
The change is quite apparent. The overall length nominal has shifted
down. Immediate action can be taken, for here the reason was quite ap-
parent—the stop on the lathe moved.

As more and more data is gathered for the frequency distribution
charts, we can go still further. The control chart. The limits for the con-
trol chart are set by the operation itself; a specification limit is usually es-
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tablished by a human being—often the design engineer—who takes into
account factors external to the operation.

Now let us devote a little time to the mechanics of setting the con-
trol limits. The Quality Control Engineer calculates the control limits by
using the square root of the variance, known as the standard deviation or
SIGMA.

The Standard Deviation expresses dispersion in the form of a single
number, which is also known as the “root mean square deviation”. It is
found by noting the deviation of each item from the arithmetic mean,
squaring each deviation, adding these squared deviations, dividing by the
number of observations, and taking the square root.

This then is the Standard Deviation or siGmMA. Plus or minus one
Standard Deviation will guarantee us that 68.27 per cent of the parts
will be within these limits. However, no Company can operate with that
kind of a yield. We must do better. Therefore, we multiply the Standard
Deviation by 3 and set our control limits. As long as our production
samples fall within these limits, we are assured that 99.73 per cent of the
parts will be acceptable.

A demonstration of this would be the height of people. The average
height of an adult is 69 inches, or 5 feet 9 inches, with the Standard Devia-
tion being 2 inches. Therefore, 68.27 per cent of this group is between
5 feet 7 inches and 5 feet 11 inches. Because we want a larger majority
to benefit from this talk, we will apply the three standard deviation rule.
Now the limits are 5 feet 3 inches and 6 feet 3 inches. QUESTION TO
THE FLOOR: How many here are shorter than 5 feet 3 inches? How
many are over 6 feet 3 inches? (If any, there is either something wrong
with our process or there are some rejects in the group from Brand X.)

Statistical Quality Control is the stepping stones to better Quality,
lower costs, and increased production.
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]}uckily, weathering products can usually be removed simply by
washing or fire polishing?3. Figure 5 shows a view of the soda-lime glass
sample in Figure 3 after a water wash.

Occasionally weathering will change a surface permanently, either
by leaving an insoluble deposit, or by corroding the outermost layer of
glass. Pieces of window glass which have been stored for years, close
together and in variable humidity conditions will often be found to be
permanently scarred as can be seen in Figure 6.

Figure 6
A permanently scarred window glass surface {150X)

There is a group of items that should be mentioned now under the
general heading of: Cleaning The Unseen. Several materials can con-
taminate glass without being easily visible or detectable.

One case in point is the fluoride ion which is left as a layer on the
glass surface after hydrofluoric acid cleaning. Unless one were prepared
to examine this glass for outgassing in a mass spectrometer, it would be
difficult to recognize this contamination. Yet, in a vacuum tube device
containing an oxide coated cathode enough fluoride might be released to
affect electron emissivity adversely+*.

Similarly an alkaline film can be present on glass after heat treat-
ments if the glass contains alkali ions. And the alkaline film may do such
things as form metal-alkali alloys under strongly reducing conditions or
cause high and erratic electron emission from cathodes in electronic
devices.

A particularly deceptive film is the one left on glass by alkaline baths
such as sodium hydroxide or carbonate solutions. These are deceptive be-
cause while the glass is wettable and apparently clean after treatment,
it is actually grossly contaminated with a hydrophilic alkaline layer. Fig-
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ure 7 shows an electron micrograph of a soda-lime glass after treatment
with hot 19 sodium hydroxide solution. To get a clean surface here one
would need to wash thoroughly with an acid such as a hydrochloric acid.
The most thorough water rinse will not remove the alkaline film.

Figure 7
A soda-lime glass surface after | minute in 1% sodium hydroxide (25,000X)

Figure 8
A polished glass surface with rouge trapped in grinding pits (150X)
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chloride and 48%, hydrofluoric acid. When warm, these solutions will pro-
duce a satisfactory frost in less than a minute on soft glasses. Unfortun-
ately it is difficult to obtain a consistently uniform frost on borosilicate
and high silica glasses and for them mechanical roughening may be the
best technique.

Hydrofluoric acid by itself will smooth glass surfaces if no precipi-
tates or irregularities are present. A hot dilute solution will accomplish
this purpose best. The tendency for precipitates to form will naturally
increase as the concentration rises and the temperature decreases. Addi-
tion of strong nitric acid will help suppress precipitation. Even with pre-
cipitates, however, smoothing can be accomplished if the precipitates are
promptly washed off. For example, witness the effect of concentrated HF
and concentrated H,SO, in the so-called polishing acid used to remove
grinding marks from soft lead glassesb. A scum is formed on the glass,
but this is quickly washed off before frosting or staining can occur.

Overcleaning is not a subject to be ignored just as over-heating of
glass cannot be neglected. The principal danger is in leachirig the surface
layers of soluble materials such as alkalies, alkaline earths, boron or lead.
For instance, a high barium glass can have its surface completely depleted
and destroyed by a ten-minute treatment in hot dilute acid as can be seen
in Figure 9.

CONCLUSION

In summary this can be said: One should be aware of the great capa-
bilities of both simple detection and simple cleaning techniques. Only when
these fail should more complicated processes be used. Make intelligent and
full use of the eye as a detection instrument before resorting to electron
microscopy or mass spectrometry. Similarly one should try cleaning with
a puff of clean air or deionized water before resorting to ultrasonic clean-
ing or boiling hydrofluoric acid.
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GLASS GRINDING

D. T. TAURONE

Norton Company
Worcester, Massachusetts

In regard to the grinding of glass, your range of interest is no doubt
quite wide. There, I will discuss several of the different grinding opera-
tions.

Three specific phases of glass grinding will be covered:

1. the abrasive wheels

2. several actual operations

3. some operating suggestions

Because of the hardness of glass it is necessary to use abrasives to
grind, cut and finish this material to shape, size and surface finish.

The abrasives used are bonded abrasive wheels, coated abrasive
sheets and loose abrasives.

The bulk of the glass grinding operations, and the most complicated
are performed with abrasive wheels. This paper will be concerned with
glass grinding with bonded abrasive wheels.

The abrasives used in bonded wheels for grinding glass are: 1, alumi-
num oxide; 2, silicon carbide; and 3 diamond.

Many of you are familiar with aluminum oxide and silicon carbide
wheels which have been used for generations. Not so many are perhaps
familiar with diamond wheels.

We will discuss all three types. However, one intention of this paper
is to point out the features and advantages of diamond abrasive wheels for
many of the glass grinding operations.

A grinding wheel consists of two main materials.

First, the abrasive particles that actually do the cutting.

The second ingredient is the bond that holds the abrasive grains while
they cut.

This close up view shows a handful of vitreous bond before being
mixed with the abrasive.

This sketch illustrates the controlled spacing of the abrasive particles
which are separated by bond posts.

The relative volumes of bond and abrasive determine the hardness
or grinding grade of the wheel.

Here are aluminum oxide and silicon carbide wheels. Such wheels are
bonded with vitrified, or resin or rubber bond.

Vitrified is by far the most common.

These are some typical diamond wheels. Because of the high cost of
diamond wheels, only a thin layer of the wheel contains diamond particles.
Note the wheel on the right has a marking that includes a fraction of
14”. This tells us that the depth of the layer of diamond is 14”.

In this case the diamond is on the periphery of the wheel and the
14” is a radial measurement.
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Diamond is bonded with metal, or vitreous or resin bond. Metal is
most widely used for glass grinding.

In order to get a clearer picture of wheel specifications, let’s examine
two typical wheel markings.

19A 220 — 0 11 VBE
ABRASIVE SIZE HARDNESS SPACING BOND
TYPE TYPE

This first wheel marking is an actual popular wheel for grinding the
edges of lens.

On the left, in the first position is indicated the type of abrasive. 19A
is one of the aluminum oxides.

In the second position is the grit size, in this case 220.

Next is a letter to designate the hardness grade. A letter further
toward the end of the alphabet designates a harder wheel.

The fourth position is a number to indicate the spacing of the bond
and abrasive.

The last position on the right shows the bond type. Here we have a
vitreous bond.

D 100 — N 100 B A
DIAMOND WHAT HOW HOW WHAT HOW
SIZE HARD MUCH BOND DEEP

Here is a diamond wheel marking. On the left is shown the type of
diamond. In this case regular natural diamond.

The second position is the grit size of the diamond.

The third position is the grade hardness letter.

The 100 indicates the diamond concentration which we’ll go further
into in a moment.

The 5th position shows the bond type. In this case B for resinoid
bond.

Note this wheel marking differs from the aluminum oxide marking in
that this one shows the concentration, or in effect the volume of diamond.
It also shows the depth of the diamond layer at the right of the marking—
in this case Y3”.

The concentration of a diamond wheel is important and should be
explained further.

In this case we show 100 concentration but the normal concentrations
are 100 or 75 or 50 or 25.

This illustrates the relative volumes of diamond, in a given wheel,
as the concentration varies from 25 to 100.

A 100 concentration NorTON diamond wheel is made to a formula—
calling for 72 carats of diamond per cubic inch of the diamond section of
the wheel.

50 concentration would be exactly half that— or 36 carats per cubic
inch.
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25 concentration would be 1/ of 100 or 18 carats per cubic inch.

Actually there is no industry standard for concentration and it will
be found that some manufacturers of diamond wheels vary.

In the course of a talk of this duration it cannot be expected to learn
how to select the complete wheel specifications for the various applica-
tions. Each job should be considered alone.

However, to start you in the right direction toward selecting wheels
we will discuss further the most important ingredient in the wheel—the
abrasive.

Aluminum oxide and silicon carbide were used long before diamond
wheels were developed. They are still used extensively today.

The first bonded diamond wheel made in the U.S. was manufactured
in the early 1930’s. The first wheel using manufactured diamond was
made only 5 years ago.

However, both natural and manufactured diamond are excellent for
grinding glass.

The advantages of using aluminum oxide or silicon carbide abrasive
are, first, lower initial cost.

Second, these abrasives can often be used on less expensive equipment
or on older machines that are already on hand which might not be satis-
factory for diamond wheels.

Third, these abrasives, especially aluminum oxide, give a more nearly
transparent finish on the glass.

The advantages of using diamond are four:

One, longer life. Diamond wheels last many times longer. Therefore,
less wheel changes or machine adjustments are required.

Two, grinding wheel cost and total grinding cost are usually lower.
Certainly they are lower for production grinding.

Third, because diamonds are harder they cut and grind many times
faster.

Fourth, diamond wheels hold their size and shape for a long time.
Therefore, less machine or wheel adjustments are required to maintain
shape and tolerances on the glass.

It is indicative to note that new machines being designed for pro-
duction grinding of glass are more and more being designed for and
equipped with diamond wheels.

The rapid growth of glass as an industrial material and also the
development of harder and difficult to work types of glass have required
the increasing switch to the fastest grinding abrasive which is diamond.

As a matter of interest here is a picture of diamond bort. This dia-
mond has the same chemical and physical properties as the diamond used
for jewelry.

However, bort diamond, which means diamond for industrial use,
has discolorations which make it unsuited for gems.

Now that we have a background on abrasive wheels, let’s go on to
some of the operations.
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This illustrates a glass rod being cut-off with a diamond saw.

Other popular cut-off jobs are cutting tubing, diode jackets, bottles
for surface examinations and certain plate glass cutting.

Now that we have discussed the abrasive wheels, and some of the
major operations, we should now consider some general guides for efficient
and economical use of diamond grinding wheels.

The major variables to consider are wheel speed, feed rate, feed pres-
sure, coolant, work holding, and wheel dressing.

The optimum wheel speed varies in glass grinding. However, here
are some general recommendations.

Diamond wheels should run at least 3500 SFPM but preferably be-
tween 5000 and 6000 SFPM. Cutting off saws should operate higher—
around 7000 SFPM.

The point to remember in feeding the wheel through the work, or
vice versa, is do not dwell. A rate of feed that is too slow will load the
wheel with glass particles and hinder its ability to cut. One should feed
as fast as possible without overloading the machine or the wheel. If the
glass chips excessively, it could mean an excessive feed rate.

The rule for the correct pressure between the wheel and the glass is
similar to the rule for feed. The pressure should be sufficient to keep the
wheel working—that is, cutting. However, excessive pressure will cause
glass chipping.

Coolants are a must in glass grinding. Grinding dry will burn, chip
or break the glass. Of course certain light work such as hand mitering
must be done dry, or nearly so, so that the work can be seen.

The functions of a coolant are,

1, to keep the glass and grinding wheel cool. This prevents burning
and permits faster grinding.

2, to keep the wheel face clean. A clogged wheel face will cut slowly
or not at all.

3, to wash away the swarf

4, to give a better surface finish

A good heavy flow of coolant is recommended, and it should be, di-
rected to hit the area of contact between the glass and the wheel.

Actually plain water is satisfactory as a coolant. However, soluble
oil is normally mixed with water to give a better surface finish and to
prevent machine rust.

The ratio of oil to water is usually 1 part oil, by volume, to 50 or
75 parts of water.

The coolant should be kept clean by filtering or by using an adequate
settling tank.

Firm holding of the glass is important to minimize chipping. The
glass should not be allowed to move or vibrate.

In the case of cutting off, if chipping is to be minimized, the glass
should be supported underneath by a material that can be cut into with
the abrasive saw. Examples for back up materials are fiber board, ceramics,
wax, plaster of paris and of course glass.
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Figure 9
Dressing.

Dressing is the operation in which the face of a grinding wheel is
cleaned to restore the proper grinding action.

If the face of a wheel becomes excessively loaded with glass, or glazed,
it should be rubbed for several seconds with an abrasive stick—while the
wheel is running at its regular grinding speed.

Some wheels require no dressing throughout their entire life. Often
a wheel needs to be dressed several times a day. If the proper wheel is
being used it should not be required to dress more than a couple of times
a day.

Any talk on grinding wheels would not be complete without a word
on safety.

Rather than try to point out various safe operating procedures it will
suffice to show these various booklets on this subject and to stress that
anyone using abrasive wheels should be familiar at least with the booklet
shown in the upper right. It is the “American Standard Safety Code for
the Use, Care and Protection of Grinding Wheels” as approved by the
American Standards Association. Incidently, it was just revised last
February.

SUMMARY

And now for a very brief summary:

Diamond wheels should be used for production grinding. They grind
faster and are usually more economical.

The optimum diamond wheel speed is normally 5 to 6000 SFPM, but
for cutting off saws it is around 7000 SFPM.

The feed and pressure should be sufficient to make the wheel work,
but not enough to overwork or stall the motor.

The coolant, usually a soluble oil, should be a good heavy flow di-
rected at the area of contact between the wheel and the glass.

The glass should be held securely.
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GLASS RESINS—A NEW MATERIAL FOR
VACUUM SEALS AND OTHER USES

RoBERT E. MARTIN

Owens-Illinois Glass Co.
Toledo, Ohio

INTRODUCTION

One of the most active areas in polymer research today is the devel-
opment of new high temperature resins and adhesives. In addition to
thermal stability, these materials are generally expected to resist chemical
attack and to be dimensionally stable. It is relatively simple to figure out
which chemical compositions and structures should give these properties.
However, converting the theories into practice has so far proved to be
both difficult and costly. As a result, there are no commercial polymers
available today with unlimited service lives much above 200°C. in air.
Even the best of these tend to soften and discolor at elevated temperatures.

There are two major approaches, both receiving about the same
amount of attention, being used to synthesize high temperature polymers.
In one method, polymer chains are formed by linking cyclic organic
compounds. A few of these polyaromatics are beginning to appear on the
market, but it is too early to say much about their performance charac-
teristics. The second approach is to eliminate all carbon to carbon bond-
ing in the polymer backbone. With the exception of the silicones, none of
these so-called inorganic polymers has been made in a useful form.
Owens-Illinois has been interested in this general area for many years, and
has recently developed a new family of inorganic polymers called Glass
Resins.

Because Glass Resins are based on an alternating silicon-oxygen sys-
tem, they can be classed generically as silicones. However, unlike con-
ventional silicones, they can be cured to crystal-clear thermosetting ma-
terials without the use of fillers and modifiers. As a result, some of them
contain better than eighty percent silicon and oxygen. This leads to
physical and chemical properties generally superior to those of commer-
cial silicones. By varying the type and relative amounts of starting ma-
terials, it is possible to make hundreds of compositions, each with differ-
ent properties. It is, therefore, possible within limits to tailor-make Glass
Resins for specific end use applications.

GENERAL DESCRIPTION OF GLASS RESINS

As first prepared, Glass Resins are water-white viscous liquids, usually
dissolved in ethanol. The viscosity can be varied widely by adding or
removing solvent. In this state the resins can be used as coatings, sizes,
adhesives, and laminating resins. A simple heat treatment of these soluble
thermoplastic resins converts them to hard thermosetting materials
which are no longer soluble. The length of time required for this final
cure depends on the thickness of the film and on the resin composition.
Metal to metal, glass to metal, and glass to glass seals have been made
in this manner. Glass Resin castings can be made in a variety of shapes
and sizes. There appears to be no practical limit to the size of specimen
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that can be cast. The details of forming and handling procedures are
presented later in the paper.

All the property data which follows is for only one Glass Resin
composition which contains no fillers or modifiers. The values should,
therefore, be taken as general, rather than as specific. There is no doubt
that any or all of them can be improved by the incorporation of fillers,
by compositional changes, or by some combination of these.

OPTICAL PROPERTIES OF GLASS RESINS

A one-eighth inch thick specimen of Type 100 Glass Resin trans-
mits ninety-five percent of 360-700 millimicron radiation at room tem-
perature. Its refractive index, n%’, is 1.4965. The optical dispersion is
0.0242. Refractive indexes for other resins have ranged from a low of
1.420 to 1.503. There are indications that even higher values may be
possible. Recently, Type 650 Glass Resin was developed to fill the need
for good ultraviolet transmission. This material has a cut-off at 194 milli-
microns, and transmits approximately fifty percent at 230 millimicrons.
Only fused silica, quartz, and certain special optical glasses have com-
parable values.

ELECTRICAL PROPERTIES OF GLASS RESINS

Glass Resins have good dielectric properties at room temperature
and excellent properties at elevated temperatures. The values are roughly
equivalent to Kel-F or the steatites. For Type 100 Glass Resin at 25°C.,
the dielectric constants are 3.77 and 2.91, at 60 cps and 1 Mc, respectively.
For the same conditions, the dissipation factors are 0.0030 and 0.0113,
respectively. The volume resistivity is approximately 2 x 1016 ochm-cm.

For some Glass Resin compositions the dielectric constant decreases
sharply with increasing temperature. For example, at 100Kc the dissipa-
tion factors are 0.069 and 0.025 at 25°C. and 146°C., respectively. In
addition, as the temperature is increased, the frequency dispersion of the
dielectric constants and dissipation factors diminishes, except at very
low frequencies. Low dispersion is a desirable characteristic not normally
found at elevated temperatures. It appears that Glass Resins may be
useful as flexible high temperature dielectrics.

THERMAL PROPERTIES OF GLASS RESINS

The linear coefficient of expansion of Glass Resins is in the range ot
plastics. In the range 0-300°C. the value is 1300 x 10-7. Although this is
considerably higher than most commercial glasses, resin to glass seals
do not fail due to differences in coefficients of expansion because of the
flexibility of the resin in thin films. Glass Resin films have been applied
to stainless steel panels and cycled between —65°C. and +125°C. with-
out loss of adhesion or resin failure. Furthermore, the coated panel can
be bent through 180 degrees without damage. There are numerous indica-
tions that the linear coefficient of expansion of Glass Resins can be re-
duced by variations in the final cure procedure. Ultimately it is believed
that values less than 100 x 10-7 will be obtained.

The effect of high temperatures on Glass Resins depends on the thick-
ness of the specimen. In samples up to one-sixteenth inch thick, no change
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is observed for fifteen minutes at 400°C. in air, and there is no damage for
several days at 300°C. In vacuum or in inert atmospheres, Glass Resins
appear to be stable indefinitely at 400°C. There is little evidence of
chemical degradation when the resins fail thermally. The usual effect is
the propagation of large conchoidal fractures, not unlike those observed
in poorly annealed glass. A very considerable part of our research efforts
at the present time is being devoted to the solution of this problem.

MECHANICAL PROPERTIES OF GLASS RESINS

The specific gravity of unfilled Glass Resins lies in the range 1.20-
1.50 g/cc. Type 100 has a tensile strength of 2,600 psi, compressive
strength of 18,000 psi, flexural strength of 5,300 psi, modulus of elasticity
of 200,00 psi, and a Rockwell R hardness of 130.

One of the most interesting characteristics of the resins is the ease
with which they can be shaped by conventional tools. High speed drills,
lathes, and milling machines have been used without difficulty. Unlike
many organic plastics, there is no tendency for the resin to soften or chip.
Grinding and polishing operations are extremely simple and effective.

CHEMICAL PROPERTIES OF GLASS RESINS

When completely cured, Glass Resins are non-flammable chemically
inert materials. They will not dissolve in any of the usual organic solvents.
Oxidizing and reducing agents are without effect except under the most
extreme conditions. They are unaffected by water. Concentrated solutions
of alkali and hydrofluoric acid slowly decompose the resins.

In the liquid form, Glass Resins are soluble in low molecular weight
polar organic solvents, such as methanol, ethanol, acetone, and methyl
ethyl ketone. It is also possible to interupt the final cure and obtain a
thermoplastic solid which is soluble in these reagents.

RADIATION RESISTANCE OF GLASS RESINS

The radiation resistance of Glass Resins is exceptional. Type 100
resin was exposed for 500 hours to ultraviolet radiation without any visible
effect. Similar samples were exposed to 920,000 rads of gamma radiation
from a Cobalt-60 source, and to 5,000,000 rads of gamma and beta radia-
tion from an enriched Uranium source with only slight pink coloration
resulting. There was essentially no loss in transparency. Under the same
conditions, ordinary glass is deeply and permanently discolored.

MISCELLANEOUS PROPERTIES OF GLASS RESINS

Liquid and vapor permeation studies on Glass Resins are still in-
complete, although other indications show that they are good barrier
materials. The out-gassing characteristics of the cured resins are good.
Coated glass specimens have maintained static pressures of less than 106
mm Hg for weeks, even under electron bombardment. Vacuum tight seals
are easily made between glass members. They have withstood two hours
of steam autoclaving at 140°C. without cracking or loss of adhesion.
Similar results are obtained with Glass Resin-coated metal panels.
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HANDLING PROCEDURES

Glass Resins are supplied in solvents containing approximately fifty
percent solids. These solutions have a shelf life of at least six months. The
manner in which they are treated depends on the ultimate application
desired. In any event, it is always necessary to first pre-cure the resin.

The pre-cure procedure removes the solvent and advances the poly-
merization to the maximum point at which the material is still workable.
The procedure is extremely simple. The resin is transferred to a beaker
and stirred slowly while heating on a hot plate or in an electric heating
mantle. For Type 100, the maximum recommended resin temperature is
140°C. At this point the pre-cured resin is a clear liquid with a viscosity
similar to that of glycerol at room temperature. It is important to com-
plete the pre-cure as rapidly as possible since the final stage of polymeri-
zation is a function of both time and temperature.

If coatings, sizes or laminating applications are desired, the pre-cured
resin is cooled to approximately 100°C. and dissolved in rapidly stirred
chemically pure acetone. A five percent by weight solution will give a
coating approximately one mil thick. The Glass Resin solution may be
applied to the object to be coated by dipping, spraying, or brushing. Once
this is done, the coating should be dried to a tack-free film at a temperature
not exceeding 50°C. This usually does not take more than a few minutes.
The final cure is affected by heating the coated object in an oven at 85-
95°C. for at least 24 hours. The exact length of time depends on the
thickness of the coating. As a general rule, about 24 hours should be
allowed for each 14 inch thickness, up to 14 inch specimens. In other
words, four days at 85-90°C. is sufficient time for any sample regardless
of thickness. On thick specimens it is sometimes desirable to allow an
additional one day post cure treatment at 120°C.

Either one of two procedures may be followed if Glass Resins are
to be used as adhesives. When very thin bonding layers are desired, the
acetone solutions described above may be used. Each member to be
joined is covered with the solution, and the coating allowed to dry to a
tack-free film. The two pieces are then held together under slight pressure
while under-going the final cure in the oven at 85-95°C. A second pro-
cedure is to place the 140°C. pre-cured resin directly in the oven set for
this temperature range. After several hours the resin will become a very
tacky material which becomes a dry thermoplastic solid when cooled to
room temperature. In this state the resin will flow readily between the
objects to be joined, provided they have been heated to at least 100°C.
The same final cure already described completes the process.

The solid thermoplastic Glass Resins have several interesting proper-
ties. There are indications that with appropriate fillers they can be com-
pression molded. Even the unfilled resins will yield under the slow appli-
cation of pressure, and maintain their conformations when the pressure
is removed. These materials can be powdered and stored for long periods
of time prior to use. The powders can also be used as adhesives, since they
will flow with the application of heat and pressure.

When solid castings are desired, the 140°C. pre-cured Glass Resin is
poured directly into the pre-heated mold, which is then transferred im-
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mediately to the oven for final cure. If possible, the mold should be lined
with aluminum foil to facilitate removal of the cured casting. An alterna-
tive procedure is to coat the mold with a silicone release agent. Usually
the casting can be removed from the mold after 24 hours. It should then
be returned to the oven for completion of the final cure. Final shaping can
be done by simple machining, grinding, and polishing operations.

CONCLUSION

An attempt has been made in this paper to describe the general prop-
erties and uses of a new family of inorganic polymers called Glass Resins.
By changing the resin composition and incorporating fillers, the proper-
ties and the uses can be varied widely. It should be emphasized that
Glass Resins are still experimental materials, and much is still to be
learned about their chemical and physical characteristics. Owens-Illinois
is expending an increasing amount of its research effort to this end. Both
liquid and solid samples of Glass Resins are available to interested persons.
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MANUFACTURE OF A GLASS THERMOMETER

FERDINAND M. WEIsS

Accuracy Scientific Instrument Co.
Philadelphia, Pa.

INTRODUCTION

You are about to explore a world which is relatively unknown to
most people. Encompassed in this world is the simplicity in theory and
the detail in production. Starting with the raw materials and ending with
a completed thermometer, we will explain how and why each step is nec-
essary. Now, I would like to invite you to join me into this world of
thermometers.

SELECTION OF TUBING

The first thing we must do, is to contact the Corning Glass Works
where most of the thermometer tubing is made and choose the type of
thermometer tubing which we need. We select this tubing by both com-
position and design.

As for composition, we may select a tubing which is similar to
Corning #0010, and is called lead or soft glass. This is the most widely
used tubing because of its lower cost and easy working characteristics.
It may be used up to a range of 400°C. This glass softens at 648°C. and
has an annealing point of 480°C. For ranges over 400°C. and up to
650°C., most manufacturers use a borosilicate tubing similar to Corning
#7720. This tubing softens at 747°C. and has an annealing point of
600°C. Our company uses the borosilicate tubing only up to a tempera-
ture of 500°C. We then use an ignition tubing for temperatures up to
650°C. as we have found this tubing to be more stable at the higher
temperatures but it is extremely hard to work with and is very expensive.
Ignition tubing #1720, softens at 915°C. and has an annealing point of
715°C. For our purpose today, we will select the lead or soft glass.

Next comes the design of the tubing. As shown in Figure #1, there
are five most common designs used in industries and laboratories today.
“A” and “B” are similar in that they are both spirit bore tubing. As you
can see, the bores or capillaries (the hole which runs up the center of the
tube) are round and are used in thermometers which are to be filled with
an organic liquid, usually red in color. These tubes do differ in outer
shape. “A” is a lens tubing which magnifies the bore by its triangular
shape, when one looks directly at its front. “B” has a round outer shape
and is the more common of the two.

The other tubes “C”, “D”, and “E” are used in the manufacture of
mercury filled thermometers. “C” is a lens tubing which differs from “A”
only in the aspect that the bore is designed for mercury and not red
liquid. “D” is called mercury oval bore tubing, having a round outer
shape and an oval bore. It is the most widely used today, because of its
easier workability. The oval shape of the bore enables the indicating media
to spread over a wider area, making it easier to see. Last, but by no means
least, is “E”. This is the tubing which is most widely used by our com-
pany, the Accuracy ScCIENTIFIC INSTRUMENT COMPANY, and is known as
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“Flat-Bore” tubing. The outer shape is round, as is that of “D”, but the
vast difference is that this tubing has a flat, rather than oval bore. With a
flat bore, as in Figure “E”, the volume of the bore is spread over such a
wide area that its cross sectional area looks like that of a book. As a re-
sult, the mercury column, in many instances, look two, three, and even
four times wider than that of an oval bore. This, of course, is a great
advantage to the user, but makes manufacturing much more difficult.
As you can see in Figure “E”, the walls of the bore are very close together
and the edges become fairly sharp. With this design, the mercury has a
tendency to cling to the glass instead of rising and falling smoothly, and
can be corrected only by extreme care in manufacturing.

Since the use of the flat bore tubing involves such enormous care
and tremendous detail in manufacturing, we will choose the easier work-
ing mercury oval bore tubing in Figure “D” for today, and go on with
the next step.
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Finally we must decide on either a white or yellow enamel backed
tubing. Both are available in all of the designs we have explored with
the white back tubing being the least expensive. However, with yellow
back tubing, a thermometer is much easier to read because of the greater
contrast between the silver mercury and the yellow color.

Along with the tubing for the stem portion, we must select tubing
for the bulb of the thermometer. Corning Normal tubing #7500 or glass
having similar properties is usually used. The softening point of this
tubing is 702°C., and the annealing point is 536°C. It is most essential
that the wall of the bulb glass be of the proper weight, not too thick or
too thin. A thin wall tubing is more difficult to handle and will break
easily. With a thick wall tubing, the instrument is less sensitive since
any change of temperature will have difficulty in penetrating the glass to
reach the mercury.

Now that we have selected the necessary tubings, we can proceed to
fabricate a thermometer.

CALCULATING GOOD RESULTS

In order to obtain a good finished product, certain calculations must
enable us to answer two questions. First, what bore size should be used
and second, what bulb size?

In the thermometer industry, each company has their own system
for determining these results. These systems have been set up by years
of trial and error methods which have resulted in obtaining master tubes
from which measurements of mercury volumes are made. These tubes are
then used to determine the different bore and bulb sizes.

All our calculations are based on one simple fact. That different
combinations of the bore and bulb sizes will give different distances that
the mercury level in the bore will move per degree of temperature change.
Therefore you may change this distance by two methods. One is to change
the bulb volume, the other is to change the bore size.

Figure #2 shows the use of the first method. In Figure #2A, we
have a finished thermometer. This instrument has a scale length of “L”
millimeters. In Figure #2B, we take the same thermometer, make the
bulb larger which in turn gives us a longer scale “J”. In Figure #2C,
we make the bulb smaller which in turn gives us a smaller scale “K”.

To demonstrate the second method we use Figure #3. In Figure
#3A we once again take a finished thermometer which has a scale length
of “L”. Now by using a smaller bore, we can obtain a longer scale “J”
as in Figure #3B. Then by using a larger bore, as in Figure #3C, we
get a smaller scale length “K”.

Care must be taken when choosing a bore size so that it does not
get too large or too small. When a bore gets smaller than .075mm, it
becomes very hard to see unless it is flat in shape. In most cases, when a
bore becomes larger than .2mm in a mercury bore and larger than .55mm
in a spirit bore, you would have to seal on such a large bulb that it
becomes impractical to manufacture.

Thermometers having large bulbs and large bores have one big
advantage in that they are easier to read, but the instrument would have
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Change Bulb Volume

to be extremely large. With a small bulb and a small bore you can obtain
the same results in a smaller package but it will be more difficult to read.
A combination of a large bulb and a small bore will produce a very
sensitive instrument.

THERMOMETER IN PRODUCTION

Before starting production of a thermometer, we must determine what
is needed. Our thermometer will require a range of —20 to +50°C., with
an oval-bore mercury filled tubing, 12” in length. With these specifica-
tions in mind, we must select the proper tubing, having a bore size that
will give us a bulb of a practical size.

The capillary tube as we first find it, will be cut to length with the
ends square as in Figure #4A. To prepare the stem to receive the bulb
we must heat one end of the stem in the conventional crossfire, closing
the capillary and blowing a bubble or enlargement in the end of the stem.
We then cut off the thin part of the bubble and as a result we have a
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funnel shaped enlargement in one end of the stem as in Figure #4B.
This permits us to seal the bulb to the stem without closing the bore
(Figure #4C). The seal can then be made with the aid of a crossfire,
either by a lathe or manually.

Now we must close the bulb at the proper place in order to have
the correct volume of mercury in it. This is determined by measuring
specific amounts of mercury required to give us the correct scale length,
when combined with the bore we have selected. This measured amount
of mercury is placed in the bulb and a small mark made on the glass at
the top of the mercury level as in Figure #4D. The mercury is then
poured out and the bulb is closed (Figure #4E) at the mark by means
of a pin fire.

At this point I think we should discuss the annealing processes.

Basically all good grades of thermometers are annealed, some more
thoroughly than others, depending on their use and design. The strain
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Glassblowing Steps

should be completely relieved from the bulb of high temperature instru-
ments or those having fractional subdivisions such as 1/10°, 1/5° etc.
This is necessary in order to obtain reproducible readings. To anneal an
instrument, it is placed in an annealing oven and held at annealing tem-
peratures for quite some time, then allowed to cool slowly thereby reliev-
ing the strain completely.

To fill the thermometer with mercury, which is the next step, the
entire instrument is heated, thereby expanding the air in the instrument
and driving out any moisture which is present. The thermometer is then
inverted with the open end in a dish of mercury as in Figure #5. This
process may have to be repeated several times until the thermometer is
completely filled.

With modern production systems, thermometers are filled by putting
several hundred instruments into a vessel at one time. The vessel is then
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heated and a vacuum is pulled. Mercury is then introduced into the ves-
sel and the vacuum is released, in turn, filling the thermometers.

Other indicating media can be used depending on the particular
design of the instrument. For example, on a low temperature mercury
thermometer, it is necessary to use mercury-thallium. This amalgam of
mercury and thallium has a freezing point of about —55°C., compared
to —40°C., with plain mercury. Extreme care must be taken when work-
ing with this amalgam for it must be used and stored under a vacuum or
under an atmosphere of nitrogen because it oxidizes immediately when
exposed to air. This amalgam is preferred at low temperatures because it
is a more accurate medium than the organic liquid.

Then there are also the spirit or red liquid filled thermometers. Instru-
ments containing organic liquid fillings are filled under a vacuum with
the absence of heat. Organic liquids would ignite if heat were applied
during the filling process. The chart in Figure #6 describes the common
types of liquids used and under what circumstances.

After we have finished the filling process, we have an instrument
which is completely filled with mercury as in Figure #7A.

;‘HOLDER

THERMOMETER

MERCURY
L5~

Figure 5
Filling Thermometer
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All liquids are clear and a red pigment is added to them.

NAME OF LIQUID TEMPERATURE RANGES USED AT
Pentane -200Cto +20C
Pure Alcohol -100Cto +20C
Toluol -80Cto +50C
Xylene —40Cto +92C
Crimsoline -18 Cto +150 C
Figure 6

Organic Liquids

Our next step is to remove some of the mercury so that we will have
a mercury level between the temperatures of —20 to +50°C., as pre-
viously determined. Figure #7B illustrates this procedure. The first thing
we do is cut the instrument off at its exact length (12”). We do know

Xum
50°C
2"
THERMOMETER COMPLETELY THERMOMETER AFTER
FILLED WITH MERCURY EXCESS MERCURY IS REMOVED
Figure 7

Removal of Excess Mercury
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that when the instrument is subjected to a temperature of 50°C., the
mercury column should be near the top of the thermometer. For our
purpose we will call the distance ‘“X” millimeters from the top. The bulb
end of the thermometer is immersed into a water bath that has been
heated to a temperature which will cause the excess mercury in the
instrument to overflow. This temperature will always be higher than the
maximum range of the instrument, which in our case is +50°C. After
this process the thermometer has just enough mercury in it so that the
mercury level will be “X” millimeters from the top when subjected to a
temperature of +50°C.

There are other methods used to obtain the right amount of mercury
but we will not go into them at this time since we have described the most
widely used method.

The next step is to fill the thermometer with nitrogen. This is done
by putting the instrument into an atmosphere of nitrogen and immersing

DRY ICE

U220 00, 4000000

DRAW MERCURY LEVEL
INTO BULB
Figure 8

Pressurize Instrument
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the bulb in dry ice. Then the mercury level is drawn into the top of the
bulb as in Figure #8. By means of a crossfire, the top of the thermom-
eter is heated and the instrument finished off with a round or ring top.
The bulb was kept cold to make sure that the mercury column remained
in the bulb until we had almost completely finished the instrument. Then
just before the heated top had a chance to cool, we allowed the mercury
to rise, creating a pressure against the top of the bore causing it to en-
large resulting in an expansion chamber. The expansion chamber is
needed for basically two reasons. The first is so that we may run the
mercury up into the chamber to reunite the mercury column which may
become separated in shipment. The second is so that if the instrument is
subjected to a temperature, higher than its maximum range, the mercury
will flow into the chamber, preventing breakage. On most low range
thermometers, the chamber is made large enough to accommodate a tem-
perature of 100°C., unless stated otherwise.

Now why did we go through the process with the nitrogen? Well, we
draw the mercury column down into the bulb so that after the thermom-
eter was finished, there would be a pressure above the mercury column.
This pressure would be in the form of a gas, which is nitrogen. Nitrogen
is used so that there will be no moisture or impurities in the gas that may
contaminate the mercury and cause it to cling to the sides of the bore.
The nitrogen is very important especially if we had used the FLAT-BORE
which is used by the ACCURACY SCIENTIFIC INSTRUMENT CO.
With the flat bore, care must be taken to see that no air is allowed to
enter the instrument. If it does, the thermometer becomes practically in-
operative. However, in an oval bore instrument, some air may enter the
instrument without causing any harm. Figure #9 illustrates the com-
pleted unengraved instrument.

The final step in this stage of production is the inspection of the
completed blank to see that the mercury rises and falls freely and that
there are no gas pockets below the mercury level either in the bore or the
bulb.

CALIBRATION AND ENGRAVING

To calibrate the thermometer we have selected, with a range of —20
to +50°C., we will need only water and alcohol baths. In calibrating
other instruments with different ranges, we might use oils of varying
weights and possibly a salt bath for very high temperatures. We first put
our thermometer into the appropriate bath solution along with a ther-
mometer which has been certified by the National Bureau of Standards.
The bath is then heated to the temperature at which we would like to
calibrate the instruments. When the N.B.S. thermometer reaches that
temperature, we place a small mark at that mercury level on the instru-
ment we are calibrating. A thermometer may be calibrated at innumer-
able points depending on the length of the scale and the accuracy re-
quired. A longer scale length usually requires more points although no
matter how short the scale is, the instrument should always be calibrated
at not less than two points.

The instruments are now ready to be engraved. The engraving process
is similar to that used on other types of volumetric glassware. They are

144



THERMOMETER FINISHED THERMOMETER FINISHED
WITH A ROUND TOP WITH A RING TOP

Figure 9
Completed Unengraved Thermometer

wax coated, the lines and numbers are cut through the wax and then
etched with Hydrofluoric Acid.

CONCLUSION

We have just gone through the process of manufacturing a mercury-in-
glass thermometer. From the ordering of the tubing through each step in
the glassblowing process and touching lightly on the calibration and en-
graving methods.

We now have a completed instrument that we may view with a
certain amount of pride. For we did not put the glass into a machine,
push several buttons and come up with a thermometer. Instead, we per-
formed each calculation, seal and calibration by using our minds and
our hands. We started with little and ended with an instrument that plays
an important part in obtaining success, whether it be in industry, re-
search, education or any other field of endeavor. What is it?

A THERMOMETER.
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THE “SPECIAL GLASS” TREND

F. L. BisHop
Technical Advisor for
Consumer and Technical Products Division

Owens-Illinois Glass Company
Toledo, Ohio

Read by
ROBERT MILLER
Owens-Illinois Glass Co.

Those of us who have worked with glass for a good many years are
frequently amazed at the accelerating pace of research and development
in new glass compositions. This is, of course, the trend in all technologies,
and we are fortunate to work in one of the few ancient technologies which
is taking part in all the newer scientific triumphs of today and tomorrow.
Glass takes part in space craft, lasers, computers, fiber optics, nuclear
energy control and many other of the complications of modern science.

PERIODIC CHART OF THE ELEMENTS
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Periodic Chart of the Elements

Figure 1 shows one form of the periodic table of the chemical ele-
ments. On this I have indicated in green the elements used in glasses
which Kimble made only a few years ago, and in red the added elements
we used in commercial glasses during the last year. I'm not sure the
list is complete, but it is startling nevertheless. As Scientific Glassblowers
you have long considered KG-33 as a “hard glass” and KG-12 as a “soft”
glass. On Figure 2 I have illustrated this range of glasses by plotting soft-
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ening points and annealing points against temperature. The lines drawn
between are merely to connect the points for each glass and do not follow
the actual glass viscosity change. On the right are the same points for the
glasses we offer today.
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Comparative Range of Glasses

Very hard glasses are required to withstand application temperatures
for special coatings, for vacuum use where high temperature bakeout is
required or for high service temperatures. For substrates, the chief re-
quirement is that the glass contain no elements that would gradually
diffuse to the surface and poison the active material placed thereon. This
generally means that the glasses must be free of alkalis and/or boron.
The glass must not contain any elements which are easily reduced to
metallic form such as lead or antimony, and obviously the glass must
maintain its shape at the high temperatures used in applying the surface
coating. Finally, the thermal expansion of the glass should match the
material placed on it. No one glass is suitable for all substrate require-
ments, so a family of glasses has developed. Kimble technieal people will
be glad to recommend the best glass for each need. Fused silica is the
classic hard glass for high vacuum work, but its permeability to helium
and hydrogen makes other hard glasses more suitable in many instances.
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Very soft glasses on the other hand are required when it is desirable
to seal harder glasses, or glasses and metals without the necessity of re-
annealing the whole. Kimble solder glasses are available to cover a wide
range of such uses. Soft glasses are used as lubricants in extrusion of
metals or protecting metal surfaces from oxidation during other opera-
tions on metal ingots. The uses for encapsulating micro-circuits are well
known and here again we must guard against elements that would poison
the electronic parts and must make a hermetic seal at temperatures which
their components can withstand. A final reason for making some very
soft glasses is that certain properties, such as a high dielectric constant,
are the result of adding elements to the glass which also make the glass
soft.

During the past few years Committee F-1 of the A.S.T.M., which
deals with materials for electron devices, has sought to standardize the
metals used for glass sealing. The first of these specifications was issued
in 1961. It bears the number F 16-61 T and specifies the properties to be
maintained in the well-known iron-nickel-cobalt alloy which bears many
trade names, such as KovAr, THERLO, RODAR, etc. The thermal expan-
sion of this alloy is shown in Figure 3.
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Expansion Curve, Iron-Nickel-Cobalt Alloy

It should be understood that the curve shown in Figure 3 has been
listed “for information only”, and the specification is limited to only two
temperatures where the range allowed is shown by the red line. The next
figure (Figure 4) shows the same metal, but with some thermal contrac-.
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tion curves of Kimble glasses added. These are the most commonly used
glasses, several others are made for special purposes that will seal to this
same alloy.
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Expansion Curve, Iron-Nickel-Cobalt Alloy and Contraction Curves, Kimble Glasses

In 1963, the specification on iron-nickel sealing alloys, A.S.T.M.
F 30-63T, was published. This covers four ranges of nickel content. Fig-
ure 5 shows the alloy #52, with its “information only” expansion curve,
and the specification limits again in red. Figure 6 shows the same curve
with appropriate Kimble glasses added. Figures 7 and 8 are for the #48
alloy, and Figures 9 and 10 for the #46 alloy. This #46 alloy is made
chiefly for use with glazed ceramics. Figures 11 and 12 are for the last
of the four nickel-iron alloys, #42.

Also in 1963, a specification for a 429, nickel-6%, chromium-iron
alloy, A.S.T.M. F31-63T, was issued. This alloy, commonly called #4
alloy, is shown as before on Figure 13, and with Kimble glasses, on Figure
14. A specification for chromium-iron alloys is in the works. The 189,
chromium-iron alloy is shown in Figure 15, and again with appropriate
Kimble glasses, in Figure 16; while the 289, chromium-iron alloy is the
subject of Figures 17 and 18.

Other metals of interest today are tantalum and silicon. For tantalum
sealing Kimble is announcing the availability of a new glass, IN-3. This
is available in the form of tubing or in ground glass.
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Expansion Curve, #52 Alloy
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Expansion Curve, #52 Alloy and Thermal Contraction Curves, Kimble Glasses
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6000
#48 ALLOY

3000 ASTM .
IRON-NICKEL ALLOY *a4g e
F30-63T

]
:
N

L]
° F(s-lz cv-101
”
2
—
§ s -
=
o
-4
[3
°
@

2000

Pz
1000
o |
° 100 200 300 400 500 600
C.
Figure 8

Expansion Curve, #48 Alloy and Thermal Contraction Curves, Kimble Glasses
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Expansion Curve, #46 Alloy and Thermal Contraction Curves, Kimble Glasses
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Expansion Curve, #42 Alloy and Thermal Contraction Curves, Kimble Glasses
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Expansion Curve, #4 Alloy (429, Nickel)

6000 I.L(.;t
5000
A ST M
|—— 42% NICKEL - 6%CHROMIUM - IRON
F31-63T ™ -
—p
'.I_‘ 4000 (*4 ALLOY) e
o " Ro—
=
3
2
c
o 3000 cv-137
s L
L=
=
°
w
2000 /
1000
o |
0 100 200 o 300 400 500 600
C.
Figure 14

Expansion Curve, #4 Alloy (429 Nickel) and Thermal Contraction Curves, Kimble Glasses
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Expansion Curve, 18% Chromium-Iron Alloy and Thermal Contraction Curves, Kimble Glasses
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Expansion Curve, 289, Chromium-Iron Alloy
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Expansion Curve, 28%, Chromium-Iron Alloy and Thermal Contraction Curves, Kimble Glasses
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For use with silicon we have the well-known KG-33, and in ground
form only, EE-5, which has a softening point of 1070° Centigrade.

In addition to these requirements, the glassblower is frequently called
upon to meet special chemical durability requirements which range from
containing hot alkali vapors and caustic liquids to hydrofluoric acid. We
suggest that when faced with such special problems you ask your Kimble
sales representative or write or phone us in Toledo. The requirements vary
too much to list the answers here.

Owens-Illinois is a supplier of glasses for fiber optics applications.
In this field the new glass developments are frequent, and again we sug-
gest an inquiry if you have special needs.

We are prepared to offer glasses for special applications having very
high to very low electrical resistivity, dielectric constant, or dielectric
loss, as well as glasses for transmitting or absorbing radiant energy or
nuclear radiations.

We in Owens-Illinois do not intend to be left behind by the wave of
new requirements in glasses. We cannot meet all the desired property
requirements in glasses, but we will do all we can to help you, the glass-
blower, to satisfy your clients.
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DESIGNING WITH GLASS AND TFE PLASTIC

JosepH F. Mclay

Labcrest Scientific Division
Fischer and Porter Company

INTRODUCTION:

The use of Tetrafluorethylene, hereinafter abbreviated TFE, has been
found to have a number of unique properties that make it an extremely
useful material in the design of scientific apparatus. Among the four major
fluorcarbon plastics available to us today, TFE is the most widely used.
This resin has a strongly bonded molecular structure consisting of only
carbon and fluorine atoms, which results in a remarkable combination of
chemical and physical properties. The only materials that seriously affect
TFE plastic are chlorine trifluoride, oxygen difluoride, fluorine at high
temperature, liquid fluorine at high velocity and molten alkali metals.!

Since there are so few materials that attack this plastic, it has gained
wide acceptance for use in apparatus required by the scientific research
community. The proper combination of TFE and glass materials of con-
struction generally results in a product that heretofore was objectionable
from a mechanical or chemical aspect. It should be of interest, therefore,
to consider some of the major elastic properties of TFE, and to then dis-
cuss how several of these properties are used in finished products.

TFE fluorocarbon resins are engineering materials whose performance
in any given application may be predicted by the theory of elasticity.
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However, just as the properties of woods are different from those of metals,
the properties of TFE resins are different from those of other engineering
materials. From the following generalized data, strength, values can be
selected which will allow the use of standard engineering design equations.

TENSILE STRESS:

Fig. 1 is a stress-strain curve under various temperature conditions,
where the stress is in tension. Strain in this curve is expressed as a per-
centage change in dimension of the unstrained material. For instance, if
a 1”7 long TFE bar is stretched .100”, the percentage of strain is 10%,
and the resulting internal tensile stress at 73°F. is 1600PSI. Fig. 1 shows
that the stress-strain curve begins to deviate from linearity at strains of
only a few percent. This is not the case for conventional glasses. Glass is
perfectly elastic up to the point of fracture; that is, the stress-strain curve
is linear.
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STRESS VS STRAIN in tension to fracture.
Material—molded TFE
(Courtesy of Du Pont and Machine Design)

Since TFE exhibits large deformations, it is usually advisable in
design work to select an acceptable strain and then to determine the result-
ant stress from the proper curve. Fig. 2 gives the ultimate tensile strength,
or the point of fracture, at various temperatures. The scale has been com-
pressed relative to Fig. 1 in order to illustrate the entire strain scale.

COMPRESSIVE STRESS:

Stress-strain curves for TFE in compression are shown in Fig. 3 for
three temperatures. The compression curves are similar to those in tension
at low strain values; however, as the strain increases, the similarity ceases.
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MODULUS OF ELASTICITY:
The ratio of stress to strain is defined as the modulus of elasticity.

Where E = modulus of elasticity, PSI
s = stress, PSI
e = unit strain, in/in
When designing for a given strain, the foregoing curves may be used to
determine a value of E. For instance, a bar 1.5” long is caused to elongate
.060” at 212°F. The value of e = .040 in/in, or 4%,. Using the proper
curve in Fig. 1 for a tensile strain of 49, the corresponding value of tensile
stress is 400 PSI. The tensile modulus of elasticity then becomes:
E = ﬂ = 10,000 PSI
.040
It may be seen from this example and from the non-linear stress-
strain curves that the elastic modulus of TFE depends heavily upon the
temperature and allowable strain. Values for glass also depend to some
degree on temperature, and for most glass compositions the elastic modu-
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lus decreases with increasing temperatures. Exceptions to this include
silica glass and low-expansion borosilicate glasses where the modulus
increases to a point with increasing temperatures. The elastic modulus
for glass is independent of strain, providing the strain is selected below
the point of fracture. The value for a typical low-expansion borosilicate
glass at room temperature is 9.1 X 106 PSI, while the value at 930°F. is
9.5 X 106 PSI.2

POISSON’S RATIO:

From experimental results, it is observed that the extension of an
element in the x direction is accompanied by lateral contractions in the
y and z directions, and we have

e, = e, = —ve,

in which v is a constant known as Poisson’s ratio.3 The value of Poisson’s
ratio for TFE is a function of temperature, and range from .46 at 73°F.
to .36 at 212°F.

For most commercial glasses Poisson’s ratio at room temperature is
found to range between .20 and .25.

CREEP AND COLD FLOW:

A plastic material subjected to continuous loading undergoes a con-
tinued deformation with respect to time, and is known as creep. The
deformation of most plastics is significant even at room temperature or
below; thus the name ‘“cold flow”. Creep is the total deformation under
stress after a specified time in a given environment beyond that instan-
taneous strain which occurs immediately upon loading. Independent vari-
ables which affect creep are time under load, temperature, and stress level.4

Creep is a consideration which must be investigated by the designer.
Parts that are placed under continuous loads for long periods of time must
be designed so that the part does not fail due to creep. The part under
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consideration might be an interface gasket for glass pipe, or the seal in
a teflon needle valve. Fig. 4 illustrates how TFE resins at 73°F. continue
to deform or cold flow following the initial strain. These curves are for
tensile loads at three different stress levels. For all practical purposes,
curves of deformation versus time eventually tend to level off; that is, the
rate of change of strain with respect to time approaches zero.

Creep under load also occurs in glass, and is known as the elastic
after-effect. When a load is applied to a glass specimen, the deflection
will increase slightly with time following its application. After the load
is removed, the glass will not completely recover its original form. Elastic
after-effects in glass are relatively small, with the rate of movement
decreasing rapidly and exponentially with time.

It has been found that soda-lime glasses have the highest elastic
after-effect. For instance, after one minute of load removal, 2.29, of the
original deformation still remains in the glass. Silica glass, on the other
hand, has the lowest elastic after-effect with a value that is about 1/10
that of soda lime. The elastic after-effects of glass increase with tem-
perature.’

APPARENT MODULUS OF ELASTICITY:

The apparent modulus is a convenient method of expressing creep in
TFE. As long as the stress level is below the elastic limit of the material,
the apparent modulus takes into account the initial strain plus the amount
of strain that occurs with time.# Thus the apparent modulus E, is

_ Stress (PSI)
" Initial strain + creep

a

To illustrate, suppose from Fig. 1 it is determined that a part at 73°
developed 500 PSI stress level due to a 1.5%, strain. The modulus of
elasticity is:

_ 500 _
E = 2% — 33,300 PSI

If the part must sustain the load for 40 hours, the total deformation from
Fig. 4 is 159. Therefore:

_ 500 _
E, = 20 = 3330 PSI

For 100 hours of loading, the total deformation is about 18%.

_ 500 _
E, = 2% = 2780 PSI

It can be seen that creep tends to level off as time increases.

STRESS RELAXATION:

Stress relaxation is a phenomenon encountered when materials sub-
ject to creep are used in high tensile or compressive applications. The
classic example is the TFE gasket used between two flanged sections of
pipe. Under a continuous compressive force, the TFE gasket will cold
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flow between the flange faces and thus decrease the resultant sealing
pressure. Fig. 5 shows tensile stress relaxation curves for unconfined TFE.
It can be seen how the tensile stress decays with respect to time under
constant strain.

PRODUCT APPLICATIONS OF TFE GLASS DESIGN:
THREADED GLASS VALVES:

The complete line of threaded glass valves manufactured by Fischer
and Porter Company is designed to permit only glass and TFE to come
in contact with the fluid. From Fig. 6, it can be seen that the 60° valve
seat is formed directly into the glass. The TFE stem can then be easily
closed against this seat to effect a tight seal. However, leakage around
the shaft and past the threads is a more difficult problem to overcome.

The use of a fluorelastomer seal lacks the universal corrosion resis-
tance that is associated with TFE. Conversely, standard TFE “0O” rings
are not very elastic at room temperature. In order to install the ring, the
valve shaft would either have to be made in two sections, or the “O” ring
would have to be heated for a shrink fit onto the machined “O” ring
groove.

These problems can be avoided by machining an integral ring seal
on the valve shaft, and the amount of interference between the glass bore
and TFE seal can be initially estimated thru elasticity equations.

The width of the sealing surface should be no larger than .100”. This
relatively small surface will permit a very high concentration of bearing
stress, without causing objectional valve turning torques. A high turning
torque makes it difficult for the user to “feel” shut-off on the 60° valve
seat. High resistance to turning may also over-stress the TFE to the point
of failure.

Since the sealing surface area is relatively small, let it be assumed
that we will create an initial sealing pressure of 1000 PSI, realizing that
the TFE will relax under constant strain to some lower stress level. The
initial sealing pressure is obtained by making the diameter of the shaft
larger than the bore of the glass body.

From the theory of elasticity, the magnitude of the radial interference
on the shaft required to produce a given pressure in the mating cylinder
is given by:

bp

:E—t[l — vy]

Where: u = radial displacement of TFE seal after disengagement
and assuming perfect elasticity

b = radius of TFE and glass surfaces while in mutual con-
tact, —.1585”

E, = compressive modulus of TFE—66,500 PSI
v, = Poisson’s ratio of TFE—.46
p =Radial pressure at TFE and glass surface,—1000 PSI
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Since the TFE shaft will be forced into the glass shell, the glass strain
and resultant stress should be investigated. The glass displacement is
given by:

bp 2 2
u, —m[(l + Ug)C + (1-—-—Ug)bJ
Where: u, = radial displacement of the inner surface of the glass
b = radius of TFE and glass surfaces while in mutual con-
tact—.1585"”
¢ = radius of the outer surface of the glass—.240”

E, = modulus of elasticity of glass—9.1 x 106 PSI
v, = Poisson’s ratio of glass—.20
p = Radial pressure at TFE and glass surface, 1000 PSI

Using an initial pressure of 1000 PSI on the seal of the Fischer and
Porter needle valve, and the appropriate elastic constants for TFE and
glass, the calculated displacements values are:

u, = .0013”
u, = —.000048"

g

The initial TFE radius will measure b + u,, while the initial glass bore
radius will measure b + wu, Substituting a value of .1585” for b, and
converting to diameters we have:

Initial TFE seal diameter = .3196”
Glass precision bore = .3169”

The total interference of the fit is then .0027”. Since we must contend
with the usual manufacturing capabilities, the glass bore is held to
+ .0002” 1.D., while the TFE seal is held to = .001” O.D. Reformation
of the glass body is accomplished on a mandrel, which not only provides
the required sealing surface accuracy, but also gives us the glass thread
and the 60° precision valve seat.

The initial maximum hoop stress developed in the glass body adja-
cent to the TFE seal, may be calculated from:6

Where t, = hoop stress at glass I1.D.

. 2 + b2

th = p 02 — b2
Substitution into this equation indicates a tensile hoop stress of 2540
PSI, which would be too high for continuous service. The TFE, however,
quickly undergoes stress relaxation, and it is estimated that the stress
eventually levels off to about 300 PSI. By way of comparison, the bearing
stress on a 2 mm Lab-Crest Stopcock is about 6 PSI if the lock nut is
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tightened to a normal .6 in-lb torque. The high sealing pressure existing
in the needle valve accounts for its superiority in extreme vacuum and
pressure applications.

The problem of stress relaxation under constant strain is limited by
providing maximum support for the seal. Only .005” clearance is per-
mitted between the glass bore and main shaft. This will allow the shaft
to operate freely up to 250°F., while lending maximum support to the seal.

Since TFE expands at a rate thirty times that of low expansion boro-
silicate glass, the TFE ring seal will be strained beyond it’s elastic limit
for continuous temperatures that exceed 160°F. When cycled back to
room temperature, only partial compressive recovery will take place, and
the result will be leakage. A secondary fluorelastomer seal will take over
when the TFE seal becomes ineffective, both in high and low temperature
cycling applications. Again, due to the large thermal differences between
glass and TFE, the TFE will contract away from the glass at tempera-
tures below 50°F. A regular elastic “O” ring must be provided for these
applications. The primary disadvantage of the rubber seal, however, is
that it is corrosion prone.

The highest known temperature application for the needle valve has
been 400°F. All shaft diameters were reduced to the point where excess
straining would not occur at the operating temperature.

There are a number of other design problems relative to the needle
valve that are associated with the strength of TFE and glass, and these
will be discussed briefly. The diameter of the turning handle must be
proportioned to a size that will allow the stem to be seated without over-
stressing the glass body in tension. Stress concentrations in glass threads
cannot be avoided; they can only be distributed by a sufficient number
of threads, proper mandrel design, and low torque characteristics for the
stem.

The strength of the shaft in torsion must be considered, especially if
material is to be removed for an “O” ring groove. If the shaft deflections
are too large or the shear stresses are too high with normal closing torques,
special “O” rings should be designed with a minimum cross sectional area.

The TFE threads in the Fischer and Porter needle valve are designed
with a non-standard pitch diameter in order to reduce backlash. Since
one of the design features is precise fluid metering control, it becomes
imperative that the stem be finely adjusted for small increments of flow.
Backlash in the threads would make accurate flow control difficult to
achieve, particularly if the valve is to be calibrated for repeatability.

CHROMATOGRAPHY COLUMNS:

A new line of chromatography columns designed by Fischer and
Porter employs only TFE and glass materials for the wetted surfaces.
The tooled glass sections are coupled and sealed with a combined TFE
and Buna seal. See Fig. 7.

The heavy section of the seal is designed for an interference fit into
the glass adaptor. The calculated initial bearing pressure for the seal in the
40 mm column, for example, is 160 PSI. The resultant tensile hoop stress de-
veloped at the inner glass wall is 600 PSI. The TFE, however, immediately
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Figure 7
F&P 40mm glass chrome fitting with TFE seal

undergoes stress relaxation, and eventually levels off to some lower con-
stant value. The glass adaptor is hand tooled to a smooth I.D. with a
tolerance of *+ .005”, ensuring an effective sealing surface. Sealing in this
area is independent of the force applied by the pinch clamp.

Securing the tooled male member of the column against leakage is
accomplished by combining the elasticity of buna rubber with the inert-
ness of TFE. Since the standard laboratory pinch clamp generates un-
equal and relatively little closing force, slight misalignment or irregularity
in either the male glass or TFE seal will cause leakage thru a solid TFE
seal. The insertion of a buna “O” ring, protected from the fluid by a
.005” wall of TFE, will provide the necessary flexibility to the TFE. This
design has been successfully used in chromatography, where column pres-
sures generally do not exceed 20 PSIG. Higher pressures are possible with
threaded coupling connectors.
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